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Lingual nerve stimulation-induced c-Fos expression in
the trigeminal spinal nucleus

Yasumasa SAKURAT', Seishi ECHIGO', Satoshi KUCHITWA?, Hiroshi IZUMTI’
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* Department of Neuroanatomy, Field of Neurology, Kagoshima University Graduate School of Medical and Dental Sciences, Sakuragaoka,
Kagoshima, 890-8520, Japan,
? Department of Oral Physiology, School of Dentistry, Health Sciences University of Hokkaido, Ishikari—Tobetsu, Hokkaido, 0610293, Japan

Abstract

The aim of the present study was to investigate whether electrical stimulation of the unilateral central cut ends of the lin-
gual nerve produces trigeminal—parasympathetic reflex vasodilatation in both sides of the lower lip and stimulates neurons in
the trigeminal nuclear complex in rats subjected to cervical vagosympathectomy, deeply anesthetized with urethane and artifi-
cially ventilated. Immunohistochemical detection of c—Fos expression was used to assess the impact of prolonged lingual
nerve stimulation. We found that unilateral lingual nerve stimulation at 10 min intervals for 200 min produced the following:
(1)consistent blood flow increases predominantly in the ipsilateral side of the lower lip, (2) more profound expression of c—
Fos protein ipsilaterally in all subnuclei of the trigeminal spinal nucleus (Vsp) except the trigeminal subnucleus oralis, (3) a
greater number of c—Fos—positive neurons in the ipsilateral trigeminal subnucleus interpolaris/caudalis transition zone (Vi/Vc)
compared with the four other areas (trigeminal subnucleus caudalis/upper cervical spinal cord transition zone, subnucleus cau-
dalis, subnucleus interpolaris, and subnucleus oralis) of the Vsp, and (4) no statistically significant increase in c—Fos expres-
sion in all subnuclei of the Vsp of the contralateral side in comparison with the control rats. The present studies and our pre-
vious data suggest that impulses elicited by electrical stimulation of the lingual nerve converge on the ipsilateral Vi/Vc in the
Vsp and that the parasympathetic vasodilator neurons and salivatory nucleus, after receiving projections from the Vi/Vc in the

Vsp, project to the lower lip via the otic ganglion.

Key word : c—Fos, trigeminal spimal nucleus, parasympathetic reflex, lingual nerve

1. Introduction

The trigeminal spinal nucleus (Vsp) has been suggested as responsible for parasympathetic reflex vasodilatation in the cat
lower lip (Izumi and Nakamura, 2000 ; Koeda et al., 2003). However, it is still unknown which subnuclei of the Vsp, namely
oralis (Vo), interpolaris (Vi), or caudalis (Vc), is more deeply involved in this trigeminal-parasympathetic reflex. The study of
synaptically linked multineural networks in the brain is crucial to understanding reflex pathways.

Electrophysiologic and neuroanatomic techniques (e.g., nerve degeneration or axonal transport of enzymes by anterograde
tracings) have long been used to identify the second— or higher—order cells and subnuclei involved in specific reflex path-
ways. However, technical constraints limit the mapping of large regions of the trigeminal system (Chattipakorn et al., 2002)
by electrophysiologic methods, and artifacts may cause false mapping of synaptically linked neural pathways elicited by cell
necrosis and virus spreading to glia cells or nonrelevant neurons via ventricular diffusion by neuroanatomic methods. On the
other hand, the c—Fos proto—oncogene provides a novel avenue for research and a useful marker to study polysynaptic func-
tional pathways in the central nervous system (Suwanprathes et al., 2003).

To date, few studies have examined the functional relationship between parasympathetic reflex vasodilatation and c—Fos ex-

ZAF T FR184E10 31 H
Corresponding author (Hiroshi IZUMI), E-mail . izumih@hoku-iryo-u.ac.jp

(97)



2 Yasumasa SAKURALI et al.,/Lingual nerve stimulation—induced c—Fos expression in the trigeminal spinal nucleus

pression in the subnucleus of the Vsp produced by stimulation of the central cut end of the lingual nerve in rats. The aim of
the present study was two—fold : (1) to identify sites within the subnucleus of the Vsp that may be active after lingual nerve—
mediated sensitization by measuring c—Fos expression within the trigeminal complex, and (2) to examine the functional sig-
nificance of parasympathetic reflex vasodilatation and c—Fos expression in the ipsilateral and contralateral Vsp of rats when

the central cut end of one side of the lingual nerve was electrically stimulated.

2. Materials and methods

2.1.Preparation of animals
The experimental protocols were reviewed by the Committee on the Ethics of Animal Experiments at Tohoku University

School of Medicine and were performed in accordance with both the Guidelines for Animal Experiments issued by the To-

hoku University School of Medicine and The Law (No.105) and Notification (No.6) issued by the Japanese Government.
Twenty—one adult Wistar rats, unselected as to sex and weighing 260-450g, were initially sedated with inhalation anesthetic

(3% isoflurane) and then anesthetized with urethane (1.0g/kg intravenously [IV]). The anesthetic was supplemented if and
when necessary throughout the experiment. A femoral artery was cannulated for the measurement of systemic arterial blood
pressure (SABP). One femoral vein was cannulated to allow drug injection. The anesthetized animals were intubated and then
paralyzed by IV injection of pancuronium bromide (Mioblock ; Organ, Teknika, The Netherlands.) at 0.4 mg/kg initially and
supplemented with 0.6 mg/kg every hour or so after testing the level of anesthesia (see below). The animals were artificially
ventilated through the tracheal cannula with a mixture of 50% air and 50% O, (ventilator Model SN-480-6 ; Shinano, Tokyo,
Japan). End—tidal CO. was kept at 35-40 mm Hg with the aid of an infrared analyzer (Capnomac Ultima ; Datex Co., Hel-
sinki, Finland)(Izumi, 1999 ; Izumi and Ito, 1998 ; Izumi and Nakamura, 2000), and rectal temperature was maintained at 37—
38 C using a heating pad.

In all experiments, the cervical vagi and superior cervical sympathetic trunks were cut bilaterally in the neck before any
stimulation to eliminate reflexes mediated by the vagus nerve and sympathetic effects on the orofacial area, respectively.

The criterion for an adequate depth of anesthesia was the absence of any precipitate changes in SABP as reflex responses to
a fairly minor noxious stimulus (such as pinching the upper lip for approximately 2 s). If the depth of anesthesia was consid-
ered inadequate, additional urethane was administered (i.e., intermittent doses of 100 mg/kg IV). Once an adequate depth of
anesthesia had been attained, supplementary doses of pancuronium were given approximately every 60 min to maintain immo-

bilization during periods of stimulation.

2.2.Electrical stimulation of the lingual nerve

The lingual nerve has proven to be the most suitable of the afferent nerves investigated so far for eliciting reflex activation
of parasympathetic nerve fibers mediating blood flow and salivation responses in the lower lip and submandibular gland [18—
21, 31, 40].

To elicit parasympathetic reflex vasodilatation in the lower lip, we electrically stimulated the central cut end of the right (ip-
silateral) lingual nerve 20 times every 10 min, using a 20 s train of 2 ms rectangular pulses at a frequency of 10 Hz and an
intensity of 20 V (Fig.1). A bipolar silver electrode attached to a Nihon Kohden Model SEN-7103 Stimulator (Tokyo, Japan)
was used for this procedure.

The rats were assigned to one of two experimental groups. The first group of animals (n=12) received lingual nerve stimu-
lation. Electrical stimulation of the right lingual nerve was done as above in a single rat. The left (contralateral) lingual nerve
was set with a bipolar silver electrode but was not stimulated. The second group of animals (n=9) underwent preparation and

application of a bipolar silver electrode bilaterally, but were not stimulated (sham—operation group).

2.3.Measurement of lower lip blood flow

Changes in lower lip blood flow (LBF) were monitored (Fig.2) using a laser Doppler flowmeter (model ALF21D ; Advance,
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Fig.1. Schematic representation of the sites used for electrical stimulation and blood flow
measurement. Stimulation sites : central cut end of the lingual nerve (LN). Blood flow meas-
urement sites : lower lip (by laser—Doppler flowmeter, LDF). TG, trigeminal ganglion ; GG,
geniculate ganglion ; Vsp, trigeminal spinal nucleus ; NTS, nucleus tractus solitarius ; SN,
salivatory nucleus ; IX, glossopharyngeal nerve ; OG, otic ganglion.
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Fig.2. Typical example of changes in right (ipsilateral) and left (contralateral) lower lip blood
flow [LBF ; in arbitrary units (a.u.)] elicited by electrical stimulation of the central cut end of
right lingual nerve. Right lingual nerve was stimulated where indicated (filled circle) every 10
min for 20 s with pulses of 2 ms duration at 20 V intensity and 10 Hz frequency. Stimulus
times (0, 10, 190, 200 min after first stimulation) are shown below the stimulus markers.

Tokyo, Japan), as descried previously [Izumi, 1999 ; Izumi and Ito, 1998 ; Izumi and Nakamura, 2000]. The probe was placed
against the lower lip without exerting any pressure on the tissue. The LBF changes were assessed by measuring the height of

the responses on the chart. Flow levels are expressed in arbitrary units (a.u. ; Fig. 2).

2.4.Tissue preparation and immunohistochemistry

All experimental rats were killed 2 h after the last stimulation. All animals received a lethal dose of sodium pentobarbital,
which was perfused through the heart with 500 ml cold saline, followed by 500 ml cold fixative (4% paraformaldehyde, 0.2%
picric acid in 0.1 M phosphate buffer, pH 7.4). The caudal brainstem and upper cervical spinal cord were removed from the
skull. The tissues were placed in 30% sucrose in 0.1 M phosphate buffer for 3—7 days. The brainstem was cut on a microtome
into 50 pm-thick, transverse frozen sections. Every third section was collected in 0.02 M phosphate—buffered saline (PBS)
and then processed for c—Fos immunocytochemistry by the peroxidase—antiperoxidase method, as described previously [Cheng
et al., 2002]. After blocking endoperoxidase with 0.15% H,O,, we preincubated the floating sections in a blocking solution of
0.3% Triton X-100, 1% normal goat serum, 0.05% sodium azide and 0.3% bovine serum albumin (BSA) in 0.02 M PBS, pH
7.4, and then incubated them for 3 days at 4°C in a solution containing rabbit anti—c—Fos antibody (1 : 5000 ; Chemicon Inter-
national, Temecula, CA) diluted in the blocking solution. After several rinses with 0.02 M PBS, the sections were immersed
in a solution of goat anti-rabbit IgG (1 : 2000 ; EY Laboratories) overnight at 4°C, and following several more rinses, the sec-
tions were incubated in rabbit peroxidase anti—peroxidase IgG (1 : 2000 ; DAKO, Denmark) overnight at 4°C. The second and
third antibodies were diluted in 0.02 M PBS containing 0.3% BSA and 1% normal goat serum. Following several rinses with

0.1 M Tris—HCI buffer, pH 7.6, the sections were treated with 0.02% diaminobenzidine and 0.6% nickel ammonium in
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0.001% hydrogen peroxidase. After final washes, the sections were mounted on gelatin—chrome alum—coated glass slides, air
dried, dehydrated with ethanol, cleared in xylene, and placed under cover slipps. Some adjacent sections were counterstained

with thionin, and nuclei were localized according to the atlas of Paxinos and Watson (1998).

2.5.Data analysis

All sections of the animals were examined under an Olympus light microscope (Provis AX 70) with a FUJIX digital camera
(HC-2500 ; FUJIFILM). For each nucleus, the number of Fos—like immunoreactive (Fos—LI) neurons in each section was
counted and averaged. The tissue sections were within 3.3 mm rostral and 1.5 mm caudal to the obex. We detected only oval,
densely stained nuclei.

The general view is that the Vsp is cytoarchitecturally divided into three subnuclei (pars caudalis, pars interpolaris, and pars
oralis). However, the borders between the nuclei are not always clear, so we separated the Vsp into five parts based on the
position of the obex, as follows : (1) the pars caudalis and the upper spinal cord transition zone (Vc/C; ; 1.2—1.5 mm posterior
to the obex), (2) the main part of the pars caudalis (Vc ; 1.2 mm posterior to 0.2 mm anterior to the obex), (3) the pars inter-
polaris and the caudalis transition zone (Vi/Vc ; 0.2—-0.8 mm anterior to the obex), (4) the main part of the pars interpolaris
(Vi;0.8-2.0 mm anterior to the obex), and (5) the pars oralis (Vo ; 2.0-3.3 mm anterior to the obex).

All counts were made by one investigator to maintain consistency in application of the criteria used to select profiles as c—
Fos—positive cells and to reduce the likelihood of subject variability. All numerical data of c—Fos—positive neurons are given
as mean+SE. Analysis of variance (ANOVA) was used for group comparisons, followed by Scheff’s test to further delineate

the differences between specific parts. The significance level was set at P<0.05 for all elements.

3. Results

The resting mean SABP value obtained in our rats was 116.20+20.20 mmHg (n=21).
3.1.Effects of electrical stimulation of the right lingual nerve on lower lip blood flow

Fig.2 shows typical recordings of the evoked changes in LBF (on both sides) following right lingual nerve stimulation at 20
times every 10 min, using a 20 s train of 2 ms rectangular pulses at a frequency of 10 Hz and an intensity of 20 V in a single
rat. The right LBF increased markedly, and the left LBF increased slightly. LBF consistently increased on both sides predomi-
nantly when the right lingual nerve was stimulated at 10 min intervals for 200 min. The parasympathetic reflex vasodilatation

in the lower lip was evoked at all stimulations consistently on both sides.

3.2.Fos-like immunoreactivity in trigeminal neurons
Fig.3 shows the typical photomicrographs of the c—Fos expression in the Vi/Vc after electrical stimulation of the central cut

end of the right lingual nerve. Fos—LI neurons were concentrated in the dorsomedial part of the Vi/Vc. The number of Fos—LI

Vap T el ¢ A \ i
,’ RF RF \‘ V&P

Fig.3. Photomicrograph illustrating an example of c—Fos positive neurons
in 50 wm sections of the trigeminal subnucleus interpolaris/caudalis (Vi/
Vc) transition zone after electrical stimulation of the central cut end of the
right ingual nerve. (A) represents the left (contralateral) side of the Vi/Vc
transition zone and (B) represents the right (ipsilateral) side of the Vi/Vc
transition zone, respectively. Vst, spinal tract of the trigeminal nerve ; Cu,
cuneate nucleus ; RF, reticular formation. Scale bar, 500 um
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Fig.4. The distribution of Fos—LI neurons within the right (ipsilateral) side (circles), the left side
(squeres) and sham—operation (triangles) of Vsp in five sites [trigeiminal subnucleus caudalis/upper
cervical spinal cord (Vc/C,) transition zone, subnucleus caudalis (Vc), subnucleus interpolaris/cau-
dalis (Vi/Vc) transition zone, subnucleus interpolaris (Vi), subnucleus oralis (Vo) in relation to the
distance from the obex following the right lingual nerve stimulation for 20 times every 10 min for
20 s with pulses of 2 ms duration at 20 V intensity and 10 Hz frequency. The Fos—LI in the Vsp
exhibited the distribution with one peak centered at the periobex level, and there was the great dif-
ference of the number of Fos—LI neurons between the right side and the left side or sham—operation
at that area. Values = Mean * S.E.

100
P<0.001
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Il sham-operation
50 |

P<0.01

P<0.01

NS
25 F r '—I
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Regions
Fig.5. The average number of Fos—LI neurons per section in the right side (ipsilateral ; open col-

Number of Fos-LI neurons

umns), left side (contralateral ; hatched columns) and sham—operation (filled columns) of trigeiminal
subnucleus caudalis/upper cervical spinal cord (Vc/C,) transition zone, subnucleus caudalis (Vc),
subnucleus interpolaris/caudalis (Vi/Vc) transition zone, subnucleus interpolaris (Vi), subnucleus ora-
lis (Vo) evoked by the right lingual nerve stimulation. The condition of electrical stimulation of the
lingual nerve was at 20 times every 10 min, using a 20 s train of 2 ms rectangular pulses at a fre-
quency of 10 Hz and at intensity of 20 V in rats (n=21). Values = Mean+S.E. Statistical significance
of difference among the right, left sides and the sham-operation were assessed by means of
ANOVA followed by the Sheffe’s test (P<0.05, 0.01, 0.001). Brackets indicate significant difference
between 2 columns. The asteriskes * and ** denote statistically difference at P<0.01 and P<0.001,
compared the ipsilateral Vi/Vc with the ipsilateral Vc/C,, Ve, Vi and Vo, respectively. NS represents
not significant.

neurons at the Vi/Vc was significantly greater on the right side (B) than the left side (A) and when compared with sham—op-
erated rats (P<0.001). No significant difference was observed between the left side and sham—operated rats.

Fig.4 shows the mean+SE of the c—Fos—positive neurons per section in the right (ipsilateral) side, left (contralateral) side
and sham-operated rats for Vc/C,, Ve, Vi/Ve, Vi, and Vo evoked by right lingual nerve stimulation. The Fos—LI neurons in
the Vsp exhibited a distribution with one peak centered at the periobex level and showed a marked difference near the obex in

the number of Fos—LI neurons in the Vsp between the right and left sides or sham—operated rats. This area with the peak dis-

Fig.5 shows the statistical numbers of Fos—LI neurons in the Vc/Ci, Ve, Vi/Vc, Vi and Vo of 21 adult Wistar rats at the
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Fig.6. Schematic illustrations of the Fos—LI at the Vsp (Vo, Vi, Vi/Vc, Vc and Vc/C)), nucleus tractus
solitarius (NTS), area postrema, lateral reticular nucleus, pyramidal tract and dorsal cochlear nucleus
following electrical stimulation. The right lingual nerve was stimulated 20 times every 10 min for 20 s
with pulses of 2 ms duration at 20 V intensity and 10 Hz frequency. Each dot represents one Fos—LI
labeled nucleus. The numbers in the parenthesis indicate the rostrocaudal distance (mm) from the obex
(0). Data for each group (the Vc/C, transition zone, Ve, Vi/Vc transition zone, Vi and Vo) are from one
individual rat respectively. At the Vi/Vc transition zone there was the robust Fos—LI expression in the
right dorsal medial part of the Vsp, and the Fos—LI neurons were visually different between the right
side and the left side. At the other nuclei there was the Fos—LI expression, but the number of Fos—LI
neurons in the right side, left side and sham—operation was not statistically different, respectively (P>
0.05). AP, Area postrema ; RF, reticular formation ; DCH dorsal cochlear

right (ipsilateral) side, left (contralateral) side, and after sham—operation. Data are shown as the average number per section.

The number of Fos—LI neurons was significantly greater on the right side than the left side in the Vc/Ci, Ve, Vi/Vc, and Vi,
but not in the Vo (Vc/C, : P<0.05 ; Vc : P<0.01 ; Vi/Vc : P<0.001 ; Vi : P<0.05 ; Vo : P>0.05). The number of Fos—LI neurons
was also significantly greater on the right side than in the sham—operated rats in the Vc, Vi/Vc, and Vi, but not in the Vc/C,
or Vo (Vc: P<0.01 ; Vi/Vc : P<0.001 ; Vi : P<0.01 ; Vc/C, : P>0.05 ; Vo : P>0.05). The number of Fos—LI neurons was not
significantly different between the left side and the sham—operated rats in any region (Vc/C,, Ve, Vi/Ve, Vi, Vo : P>0.05).

In the right side of the Vsp, the number of Fos—LI neurons at the Vi/Vc was significantly greater than in the Vc/C,, Vc, Vi,
and Vo (Vc/C, : P<0.001 ; Vc : P<0.01 ; Vi: P<0.001 ; Vo : P<0.001).

Fig.6 shows the typical distribution of c—Fos expression in the Vsp (Vc/Ci, Ve, Vi/Ve, Vi, and Vo), nucleus of the solitary
tract (NTS), area postrema, lateral reticular nucleus and dorsal cochlear nucleus following electrical stimulation of the right
lingual nerve under the conditions described earlier. Fos—LI neurons are shown in schematic drawings of coronal sections in
those regions. At the Vi/Vc, robust c—Fos expression was found in the right dorsomedial part of the Vsp, and the Fos—LI neu-

rons were visually different between the right and left sides.
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Fig.7. The distribution of Fos—LI neurons in the nucleus tractus solitarius (NTS) in relation to
the distance from the obex following the right lingual nerve stimulation 20 times every 10
min for 20 s with pulses of 2 ms duration at 20 V intensity and 10 Hz frequency. The Fos—LI
in the NTS exhibited the distribution with one peak centered the point of 0.5 mm rostral from
the obex. No difference of the number of Fos—LI neurons was observed between the right and
left sides or sham—operation at all area. Values = Mean+S.E.

After electrical stimulation of the right lingual nerve, the Fos—LI neurons were expressed in the NTS, area postrema, lateral
reticular nucleus, and dorsal cochlear nucleus. In these nuclei, the Fos—LI neurons were expressed about equally on the right
side, left side, and after sham—operation.

Fig.7 shows the distribution of Fos—LI neurons in the NTS on the right side, left side, and sham—operated rats. The Fos—LI
neurons exhibited a distribution with one peak centered at 0.4 mm rostral from the obex, and the numbers of Fos—LI neurons

on the right side, left side, and after sham—operation were not significantly different (P>0.05).

4. Discussion

We have previously proposed the presence of a parasympathetic reflex vasodilator mechanism serving the orofacial areas in
the cat and rat (Izumi et al., 2002 ; Mizuta et al., 2000, 2002 ; Mizuta and Izumi, 2004). Although the afferent and efferent
pathways involved in this reflex response to somatic sensory stimulation have now been well studied (Izumi et al., 2002,
2003), the central mechanism in the brainstem remains uncertain. The study of synaptically linked multineuronal networks in
the brain is crucial to understanding reflex pathways.

Recently we have suggested that the Vsp is an important bulbar relay for lingual nerve evoked parasympathetic vasodilata-
tion in the cat lower lip (Mizuta et al., 2000, 2002 ; Mizuta and Izumi, 2004). This proposal is based on the fact that unilateral
microinjection (1 pl/ml) of either lidocaine (2%) or kainic acid (10 mM) into the Vsp ipsilateral to the stimulated lingual
nerve led to a reversible or irreversible reduction in reflex vasodilatation, but had no effect on vasodilatation elicited by stimu-
lation of the contralateral lingual nerve. However, microinjection of these agents at a volume of 1 pl into the brainstem seems
to spread approximately 1-1.5 mm in radius, judging from our previous experiment using horseradish peroxidase (HRP) (1 pl,
10%) as a histologic marker microinjected into the salivatory nucleus (Izumi et al., 2002). The question thus arises as to
which subnucleus of the Vsp is more deeply involved in the above trigeminal—parasympathetic reflex (Izumi et al., 2002 ; Mi-
zuta et al., 2000, 2002 ; Mizuta and Izumi, 2004), given that the Vsp consists of three subnuclei : caudalis (Vc), interpolaris
(Vi), and oralis (Vo).

Electrophysiologic techniques (i.e., extracellularly evoked single—unit response to trigeminal nerve stimulation) or conven-
tional neuroanatomic techniques (e.g., nerve degeneration or axonal transport of enzymes by anterograde route) have not al-
lowed precise identification of the second— or higher—order cells and subnuclei involved in specific trigeminal reflex path-
ways. Numerous studies have established that expression of immediate—early genes can be induced within the central nervous
system under various conditions (Oakden and Boissonade, 1998 ; Ro et al., 2003 ; Strassman and Vos, 1993 ; Suwanprathes et
al., 2003 ; Yoshida et al., 1991). Among them, c—Fos is the best characterized. The c—Fos proto—oncogene provides a novel

avenue for research and a useful marker to study polysynaptic functional pathways in the central nervous system (Suwan-
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prathes et al., 2003). The expression of c—Fos is specific to the nuclei of the second— and higher—order neurons in specific
pathways ; it does not occur in closely associated glial, ependymal, or endothelial cells (Bullitt, 1990 ; Hunt et al., 1987 ; Mor-
gan and Curran, 1991 ; Munglani and Hunt, 1995). The induction of Fos—LI neurons in the medullary and rostral cervical spi-
nal dorsal horns after noxious orofacial stimulation has been studied systematically (Bereiter, 1997 ; Bullitt, 1990 ; Hunt et al.,
1987 ; Lu et al., 1993, Lu and Bereiter, 1995 ; Meng and Bereiter, 1996 ; Strassman and Vos, 1993). Noxious orofacial stimu-
lation induces Fos—LI neurons in widespread brainstem structures, including the Vsp, the NTS, the paratrigeminal nucleus, the
lateral reticular nucleus, and the inferior olivary nucleus. Our previous finding that the Vsp, but not the NTS, is involved in
the parasympathetic reflex vasodilatation in the lower lip induced by lingual nerve stimulation (Mizuta et al., 2002) has led us
to focus on neural activation in the Vsp following lingual nerve stimulation.

The aim of the present study was to investigate whether electrical stimulation of the unilateral lingual nerve produces
trigeminal—parasympathetic reflex vasodilatation in both sides of the lower lip and stimulates neurons in the trigeminal nuclear
complex. Immunohistochemical detection of c—Fos expression was used to assess the impact of prolonged lingual nerve stimu-
lation. In previous studies, Fos—LI neurons have been used as a marker of neural activity in the trigeminal system (Bullitt,
1990 ; Chattipakorn et al., 2002 ; Hunt et al., 1987). The primary findings of the present study are that unilateral lingual nerve
stimulation dose the following : (1) elicits consistent blood flow increases predominantly in the ipsilateral side of the lower lip
when stimulated at 10 min intervals for 200 min ; (2) evokes more profound c—Fos expression ipsilaterally in all subnuclei of
the Vsp except Vo ; and (3) results in marked increases of c—Fos expression in the ipsilateral Vi/Vc compared with the other
subnuclei both in the ipsilateral and contralateral sides.

No consensus has been reached about the best anesthetic to use when studying the relationship between trigeminal—para-
sympathetic reflex vasodilatation and c—Fos expression in the Vsp. Urethane was chosen in the present study because we re-
cently observed that urethane anesthesia preserves trigeminal—parasympathetic reflex vasodilatation compared with other anes-
thetics, such as pentobarbital and isoflurane (Ito et al., 1998). However, it has been reported that urethane anesthesia by itself
induced bilateral c—Fos expression in autonomic brain nuclei related to cardiovascular regulation such as the NTS, area pos-
trema, and paraventricular hypothalamus (Rocha and Herbert,1997). Furthermore, it was suggested that the influence of
urethane on c—Fos expression in the brainstem nuclei could be explained, at least in part, by its cardiovascular effects because
urethane induces a decrease in arterial blood pressure and heart rate (Natarajan and Morrison, 1999 : Rocha and Herbert,
1997). These findings suggest that urethane might not be suitable for c—Fos protein analysis in studies investigating trigeminal
mediated autonomic reflex responses in the brainstem. However, whatever mechanism is involved in c—Fos expression by
urethane, a marked difference in c—Fos expression was observed not only between the ipsilateral and contralateral sides of
each subnucleus of the Vsp, but also among subnuclei of the Vsp by itself (Vi/Vc sites were more sensitive) following lingual
nerve stimulation. These results suggest that urethane can be useful for simultaneous measurements of trigeminal—parasympa-
thetic reflex vasodilatation and c—Fos expression following lingual nerve stimulation.

As shown in Fig.2, lingual nerve stimulation elicited a marked increase in ipsilateral LBF and a slight increase in the con-
tralateral LBF. These increases occurred consistently over 0-200 min on both the ipsilateral and contralateral sides. After elec-
trical stimulation of the right lingual nerve for 20 times, c—Fos—positive neurons were measured on both sides of the subnu-
cleus of the Vsp (Fig.4) ipsilateral and contralateral to lingual nerve stimulation as well as after sham—operation (Figs.4 and
5). All levels of the Vsp seem to play an important role in full expression of the response to lingual nerve stimulation. In par-
ticular, c—Fos expression within the Vsp was concentrated in the Vi/Vc. The number of c—Fos—positive neurons in the ipsilat-
eral Vi/Vc was much higher than in the four other subnuclei (Vc/Ci, Ve, Vi, Vo) of the Vsp. It has been reported recently that
inflammation of either the pulp (Byers et al, 2000 ; Chattipakorn et al., 1999, 2002 ; Coimbra and Coimbra, 1994 ; Oakden and
Boissonade, 1998) or the masseter muscle (Imbe et al., 1999 ; Ro et al., 2003) or thermal and chemical stimulation of the cor-
nea (Bereiter, 1997 ; Bereiter et al., 2000 ; Lu and Bereiter, 1995 ; Meng and Bereiter, 1996) induced a similar amount of c—
Fos expression in a group of neurons located in the Vi/Vc and in the Vc. However, as shown in Figs.4 and 5, lingual nerve
stimulation induced a larger amount of c—Fos expression in the Vi/Vc than in the other subnuclei of the Vsp. Meng and Bere-

iter (1996) compared the magnitudes of the bimodal peaks of c—Fos in the Vsp produced by thermal (50°C) and chemical
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(mustard oil) stimuli to rat cornea and suggested that select features of corneal stimuli, such as modality, are encoded differ-
ently by neurons in the Vi/Vc as compared with those located in the Vc/C,. This proposal may be supported by the selective
action of morphine, which caused a significant dose—related reduction in the number of c—Fos—positive neurons at the Vc/C,,
but not at the Vi/Vc, after corneal stimulation with mustard oil (Bereiter, 1997 ; Bereiter and Bereiter, 2000 ; Bereiter et al.,
1994, 2000 ; Meng and Bereiter, 1996). This latter result is in good agreement with our previous experimental finding that IV
administration of morphine did not reduce the parasympathetic mediated reflex vasodilatation following lingual nerve stimula-
tion [Izumi et al., 1997]. Several lines of evidence suggest that the c—Fos expression observed in the Vi/Vc and Vc/C, after
peripheral trigeminal nociceptive stimulation may be involved in autonomic responses and nociceptive transmission to the cen-
tral nervous system, respectively. This possibility may be supported by experimental data showing that neurons in the ventral
portion of the Vi/Vc and Vc/C, project into autonomic control areas such as the NTS (Menetrey and Basbaum, 1987 ; Meng
and Bereiter, 1996) and the nucleus submedius of the thalamus (Meng and Bereiter, 1996 ; Yoshida et al., 1991). On the basis
of the present data and previous studies, it seems likely that impulses elicited by electrical stimulation of the lingual nerve
converge on the ipsilateral Vi/Vc in the Vsp and that the parasympathetic vasodilator neurons, and salivatory nucleus, after re-
ceiving projections from the Vsp (Mizuta et al., 2002, Mizuta and Izumi, 2004), project to the lower lip via the otic ganglion
(Kuchiiwa et al., 1992).

Comparison of the results obtained by thermal or chemical stimulation of the corneal surface and those by electrical stimu-
lation of the lingual nerve shown in the present experiment suggests some variation. The c—Fos—positive neurons appeared bi-
modally distributed after corneal stimulation but uniformly distributed after lingual nerve stimulation (Fig.4). This discrepancy
may be due to the difference in of choice of anesthetic (urethane vs chloralose) or the difference in the site used to elicit
trigeminal nerve stimulation. No statistically significant difference in the amount of c—Fos expression could be observed in all
subnuclei of the Vsp between the contralateral side and the sham—operated rats (Fig.4), suggesting that c—Fos expression in
the contralateral side after lingual nerve stimulation is due primarily to the effect of urethane.

Although the present level of understanding suggests that the Vi/Vc mediates the parasympathetic reflex vasodilatory re-
sponse in the lower lip following lingual nerve stimulation, more work is needed to reach a definite conclusion on this point.
In the meantime, we propose that the afferent information induced by lingual nerve stimulation electrically enters the Vi/Vc
via the trigeminal ganglion, and after this input, the secondary information enters in the inferior salivatory nucleus, and the

parasympathetic vasodilatory reflex occurs in the lower lip by the glossopharyngeal nerve via the otic ganglion.
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Characteristics of blood flow measurements using laser speckle imaging
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Abstract

Three types of blood flow measurement methods using laser irradiation such as laser—Doppler flowmetry, laser—Doppler im-
aging, and laser speckle imaging have been utilized for measuring the peripheral blood flow because of the benefits of low in-
vasiveness and as they enable real-time measurements. Laser—Doppler flowmetry has first used for the blood flow measure-
ments but does not appear to be suitable for quantitative measurements as the equipment can not perform measurements over
large areas. Laser speckle imaging has recently been reported to measure two—dimensional images of blood flows. The present
study was designed to compare the blood flow changes measured by laser speckle imaging and laser—Doppler flowmetry. The
blood flow changes were evoked either by parasympathetic mediated vasodilatations in the lip elicited by electrical stimulation
of the lingual nerve in urethane—anesthetized rats, or by sympathetic mediated vasoconstrictions in human hands elicited by
cold tests. The patterns of blood flow changes in laser speckle imaging and laser—Doppler flowmetry were very similar in
blood flow changes, both increases and decreases were measured, although the relative change from the basal blood flow of
the laser speckle imaging was smaller (50-60%) than that of laser—Doppler flowmetry. The quantitative analysis in the cold
tests with laser speckle imaging showed that tissue perfusion in the fingers resemble the anatomical blood vessel distribution.
The advantages of laser speckle imaging for the measurement of blood flow are as the follows : ( 1) the blood flow is visual-
ized as a two—dimensional image, (i) the area where the blood flow was measured can be changed on saved image data,
(iil) the image sizes can be varied (by zooming) from 8 x 6 mm to 280 x 210 mm, and (iv) the averaged data are not abso-

lute values but can be used quantitatively in comparison studies.
Key word : Laser speckle imaging, Laser—Doppler flowmetry, Parasympathetic vasodilator fiber, Lip blood flow, Cold test
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Wt kA AT — Y RIC&ET A, L—HF— IR SN2 Ed Rk 2 CCDA X 7 THhisg 3 5. laser
speckle imaging |(CCDIi{% [ (2Bl % speckle & XN 2 BE ko2 b %, MmZfbe LCTlle L, E=% — LIIEimiR
DL R GOENE LTURT.
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LS|

CCD Camera
Tongue

Brain Stem

Lower Lip
Recorder

I

2 SRS X 2 RIS I A DEER OGS O X
SRAEE (V) B3I TH L EME (LN) 2EBLZME (A) $5 &, ZMEEE (TG), =M BEHK
(Vsp), WE{ER% (SN), Wi (1X), BFAEE (0G) A L72ghck > T, v FFE (Lower Lip) DI
IRATEFE S, A MASH 5%, LDF (laser-Doppler flowmetry), LSI (laser speckle imaging) .

R THED
{RR AR AR

ATz LR

LSl
CCD Camera
O
~——
R
K (4°C) EF

X3 sl i DU SO O
WRICHREE L2 FIROBEEIGHR T, A & R 2 A LT, BUR FEVARFRE AR AR S L, S8 % 4
U 7= MG AS, wRREEAL, 2 5 IO FIRCTHE SN, KK TR SN2 (FEEilER). LDF (laser—
Doppler flowmetry), LSI (laser speckle imaging) .

15

TR e MCBWTF2mKICRE L2, &
iR E e LT, OO MR MR T 3 2 35 % #
23 5 B THAH (Lewis, 1930 ; Samueloff et
al., 1981 ; Shepherd et al., 1983). HiERE (XML, Z0EF
& L7z BBRG S 5 HNITLESE 3 TR O K O ZEM
DEEFRMKEEZHZE L, €0%, GF*FEHETHK
(4 C)ICAKESE, WARBRET O Z 5] Xt & 3080
WE L7z, AF2mAPOM) LR b 20 $ £35
T, FITOMHORIEE B ko7, MIEHROKE)NZT
— Y ICHET L7720, MRAERIR, WANOFO A
BELIAME, TEAZURELAZVEIIZL (K3).

T

3 Laser—Doppler flowmetry & laser speckle imaging % H
W 72 ML E

v PFERCYE M FFROMIG I, laser—Doppler
flowmetry (FLO-C1, %+ A 47 = —7") 7 & V| laser
speckle imaging (Omega Zone, * A #'7 = —7) % Hw
Til% L 7z. laser—Doppler flowmetry % V2725 v M F
BOMBEHETIE, =—FV& A7 (NSE, + x5
=—7), e PRBOMEICIE, T+ A2 54T (DS
B, A XHY2=7) OTU—=TEMH L. Tu—7
FHET 2 s, TROKEIZEND» 2O v & 9 128k
L7,

Laser speckle imaging (Omega Zone, * A #'7 = —7)
RV MRHE T, WEsRe AT — Y0 EICKE
L, CCD# A 7 T L7z Wifg % v, #Hid#ip
(UERER), 558, ¥ M2FE L, M 1 mm
SR E L7, 7y FTE DI # % 13 laser — Doppler

(111)



16 Hidekazu WATANABE, Characteristics of blood flow measurements using laser speckle imaging

flowmetry % V> THLHERIE L 723067 & [/ —&#Ar T,
R 1 mmO IR OHFH IOV TITo 72, 2B E I
DAL E L T AT v 729 (Tzumi and
Karita, 1994a), & & FEOMBEZLE X532 BT,
Ly b EHWTEHEEZEEICHE L 7. laser
speckle imaging®j{% 12 B W T L ¥ v~ v MIIMKZE
ko WFRELTHWOR TS, b P FHROIMmitH
EHPHIX, laser—Doppler flowmetry % F > 72 IfiL i ] 72 C
T — 7R LA & WAL CRER 1 mmo
M) &Lz

4 MRZAL ORI B & Utat L
ARFERTIE, DTOXTERINLMFDOLELRT,
laser speckle imaging & laser—Doppler flowmetry D IL# % 33
Chotz (K4).
M - A= (%) = ML 2 AL i/ FE ML X 100
TRTOREIEPIHE HARREZE TR L2, a2
f#HT 1213 SPSS14. 0J for Windows % fi i L, Student’s t—
test 4T\, fabdp<0.06THEAD ) L HE L7,

HEEMRE

ZiLE

HEEMRE

Mg - WO ER=F{E / BREMTE X 100
D4 s, miEEs g0k

] £

1 IMFE¥E IS T Dlaser speckle imaging & laser—Dop-
pler flowmetry ®

5 AlXEHMFE % 20Hz, 20V, 2msec, DRIBEMT
T20F) 8] AU L 72 BF (2 laser—Doppler flowmetry (a) &
laser speckle imaging (b) # IV CHIZE L7277 v M FTEIZ
BB M AL WEIF TdH 5. laser—Doppler flowme-
try & laser speckle imaging®\ > §ALIZBWTH, FIHE & [H
FF2 7 v N TEOMFEMATR &, REMEAL10R %I
RARMEZRL72, R T, R4 ICImaMET L,
RIHHE T 7> 5 #9408 THRIBART O L )V IZ[AIFE L 7.

5BIZT v M FEIZBIT Slaser speckle imaging D i
He GO WIB 2R L TV 5.
W72 TR &0 EAER e () BRI T
BoMmaEmL, REHE TR, mACmsET 3%

laser speckle imaging %

Mo oni:.

5 Cldlaser—Doppler flowmetry 35 & Uflaser speckle im-
agingZ W CTHlE L 2B O MmO g <Th 5.
laser—Doppler flowmetry 33 & UMaser speckle imaging T D Ifl
NI ZNFN130.5+7.2% B L 10M61.4+2.0% T
& 1), laser speckle imaging % ] \» 72 il % T I$1aser—Dop-
pler flowmetry & LI L THEICIKME 2R L7z (p<
0.05, n=4).

6 Aldlaser speckle imaging % F\» Tl L 72 76 ffifk
S e FE 2D 72 & ONSHEN (G RO MIRTRY
MR ZAL 2 RS, TEBAL & & R E R 22 I e A5
L, BB T #13A9408 THREMAT O L )V ICIIE S %
VIO EAEIRL 724, KM E (laser
speckle imagingE i) DILEE (K 6B) Ti&, HFlEM
10.5740. 23, x3H18. 69 +0. 14 THIFHM A H I HE & 7
o7 (p<0.05, n="7).

2 M AR BUG T Dlaser speckle imaging & laser—Dop-
pler flowmetry D K

TATEFT % 4 CTHAKRIZIOFHIE L 72 1Claser—
Doppler flowmetry & laser speckle imaging % F\» Tilll5E L
7o 88 3R ARFMTRIC BT B MK AL OMEIF TH 5.
laser—Doppler flowmetry & laser speckle imaging® \\»§ 412
BWTH, R L AR TFROMED 7RO b, %
WRIBEN W TRIEZ IR L7z, WRERER TR, £
30 CMLRIERBEHOLAIVICEIE L7z, 72, Gke
Tl X B MO T I M EE i & T % g3 2 11
DR bz,

7 BI3ZE R IZ B 1T B laser speckle imaging O 3 it
FG QMG 2R L TW5.
DA ST, IREkomiiillE %17 > 72. laser
speckle imaging M4 C (3% F e ML 13 AR B 50 T D B AL
ICHARTEC, WAKREFEICH ST, TR TR
YU, WAKREBRIRA MRS HET 25725580 5
niz.

7 Cldlaser—Doppler flowmetry 35 & Uflaser speckle im-
aging® W CHIE L 2B DI A HE O LI TH 5 .
laser—Doppler flowmetry 33 & UMlaser speckle imaging & A \»
Tl L 72RO ML A 1 EZ N ENT78.6£6.6% B &L U
47.4+2.0%Td U, laser speckle imaging & H \» 72l 2
Tldlaser—Doppler flowmetry & FLH#Z L TH & ISR % 7R
L7 (p<0.05, n=5).

8 Aldlaser speckle imaging & H\» Tl % L 72 K i
B RS2 58 1 BE £ T) 45 O iEE R (e 13

laser speckle imaging C 31§
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Py —

TP S [ U e S |

0 90 0 90
A (#) WA (#)

(2) 17 sec (3) 8 sec

Low High

stimulation
4) 12 sec (5) 40 sec (6) 90 sec

C

160 *

120

miemE (%)

LDF Ls!

5 AN — BB RIC X 2 7 v B R E DM RS
ATy PFEBICBT Mo MG, HH#E % 20Hz, 20V, 2msec, ORI T CTHER MG 5 B2 5258
FC (20F0/) EAMNL L 72 o L5 G % laser—Doppler flowmetry (a) 33 & U'laser speckle imaging (b) % Jfl
WOl L7z,
B: 7 v NFEMEINOEH%Z/RY (Photo). BEAHOLEEIT/R L 72HPHIE T EMGTHEREA % 7K 9. laser speckle
imagingl®if% (1) — (6) TOXKMITNERED S ORFIFEM 2R . BARM P OMEIL” stimulation” T L
7z.
C o MFEH IO JLsL,  ME 5 NI Pl + BEHERR = TR L7z, n=4, *P<0. 05, Student’s t—test. LDF (laser—Dop-
pler flowmetry), LSI (laser speckle imaging) .

(113)
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18 EBRFHA M/ ot L — = LA & v 72 ML ) 7E O FREL

12

8
S
©
4
BRI
0
0 30 60 90

fE (F))

12
[
.8
5
©
4
0

=14 x {8l
6 TR E SRS B B A & TR O LG O e (laser
speckle imaging)
A BRI EAN (@),
7.
B [l 2 & NI FE I B 2 i Kl s (laser speckle imaging %
HAE) DML, M= 3 M £ AERERR 22 TR L 72, n=7, Student’s t—
test, *P<0. 05. a.u. (arbitrary units) .

U TE (O) oz b o SR fl % TR

HiZr 55 2 B £ T) OB 2 MRt 2R L TWa.
TERAL & & PR R 22 1M A58 L, RIEGE T #1013
FIBOM TR S % &\ o) [ DZAL 2R L7228, TiERAL
TOZHREOIM TR (laser speckle imagingZZHIfH) Db
% (M8B) T, RENHHERL0.0+0.8, i #R7.5+
0.9CTKEEHAHEIZEE & % - 72 (p<0.05, n=12).

Z =

Laser—Doppler flowmetry & laser speckle imaging % H \»
TGRS 72 & O I ii A FOS R B 1 5 I 22
fLZIBHE Lz, €OHR, LTI LR S
72, (1) Laser—Doppler flowmetry & laser speckle imaging
W TS L2 2 biE M CRegEs 2R L, £
7o, FEGRBOGAKEZERIL, MEOMKT &Iz #Y
BE Ny T 4 v 74 (Lewis, 1930 ; Shepherd et
al., 1983) DB CTRDOOLN/=Z &b (KTA), la-
ser—Doppler flowmetry & laser speckle imaging T 5 11 %
MITREALD/8Y = AL THHZ EDHHRPIT% -7z

(5 A, 7A). (i) M2 =1L, laser—Doppler
flowmetry |2 Jt~Xlaser speckle imaging T &I/ TH -
7z (M5B, K7B). MFZILRIZENED SN/ E A
& LTI, laser-Doppler flowmetry & laser speckle imaging
THEIEF R HPLFE — 128 L TWad 2 ehn, g
HHOENZL ZPETIEIEL, L=V —HDOFy 77
— 224t % %€ L T\ Alaser—Doppler flowmetry [ X3 L T
L — % =12 & B speckleZfb % I % 9 % laser speckle im-
agingD ML HEDEVITER L TWA EEZ LA,

Laser speckle imaging % FI\> T, &7 [ O IfiL i L %
B o7z, MM B\ TR SIS & [FH
b WIS T EO R KIMG R (laser speckle imaging 52
HME) 2R L7z, 2ofER, FHo TR E 3o
CHAREEICEMBETHo 7 (M6B). ThidFka s T
NETCHLPLPICLTELFERLE -F LTV

(Izumi, 1999 ; Izumi and Ito, 1998 ; Izumi and
Karita, 1992, 1993, 1994a,b ; Mizuta and Izumi, 2004 ,
Ishii et al., 2005).

F70, MW IIZB T, §3IEOKREEEE &+
HiE O M E 247\, FEERIEET R TR LS It
BL72z, ZORE, MR L TIAEEIZREO
ENGholeh (F—FmRET), KLk THIMiTE

%1 Laser speckle imaging (LSI) & laser-Doppler flowmetry (LDF) O 454

&

K=FRr

LSl #HELTES

MEILRA/NSL

RELET 2L TREEEDEE, BRATEE

RFZEE DK, #E/HVATRE

E BRI RTAAIRE (F14E, AR O LEER)

LDF BEREIMIAZE L DfRAT
MRERRNREN

1 JATRE

EERVSARTIZ L
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(" L High

mERPE &)

LOF Lsl

R7 EHEHEBRICBIT 2 e P FROMER K
A5 3IREHIERIC B LR L o WAL, W B AAA S 5 — 358 TIE R L 72 B o ML A B % laser—
Doppler flowmetry (a) 3 & Ulaser speckle imaging (b) % H\v>CTilllsg L7z,
B : Laser speckle imaging it i % o> JuFf), BB O JFICoR L 22§ PRI ML I E 562 % 7R $7. Laser speckle imag-
ing i {4 T OFAEIT I ERMGH O O E 2 /RS, GRBFEROMIZIL” cooling” THKL7.
C o MLFHA RO L, ML 3R I FIE LIRS TR L 72, n=5, Student’s t—test,*P<0.05. LDF (laser—Dop-
pler flowmetry), LSI (laser speckle imaging) .

(laser speckle imagingFZHIMH) 13K & H B C HEiHH & T (FAR&KHR, 1967).

19

)
DEMETH-72 (M8B). Zhid, TP THERE —77, laser—Doppler flowmetry Cl& & O X 9 7 IL %
HOEMMAMMOTAL &L HRTEERMET M ZZTTE  MEWNETH L EE XS5 TW5BH (Nilsson et
5%

D, BIEIRYE b ZBAFAET

(115)

R 2 FIE L —F L al., 1980 ; Nilsson, 1984 ; Forrester et al., 2002), %
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=

©

4

mIKRE
0 10 20 30 40 50 60 70
BFfEl (F)
12 )
[

8 I
=}
©

4

0

8 EHHERIZBIF S K
speckle imaging)

A 3IEEREER (@) L& 3W/IEHEH (O) oo iRl
Y.

B! KEIHE LS I HEEHRORHRIC B 5 FHIilieE (laser
speckle imagingZ2 i) D L. ZEHFET- 3 L3 1 P £ BEHERR 2 T
2 L7z, n=12, Student’s t—test,*P<<0. 05. a.u. (arbitrary units) .

% 6 — 8 & AT THIfb 9 1L, radio—isotope & H \» T
WoE L7zERoMmi s X CHEL, B TiRTHL 2
LA SN T2 (Smith et al., 1986). L2>L, il
EDOWHES 225 b, laser speckle imaging |2 & 2 I 7E il D
WRIZEFICEMTH L L EZOND,

& 512, laser speckle imaging % H\ > 7= I il 22 12 B
THUTOREGSH 2. (1) BEITE2, (2) M
T— 5 ZBbit AT —VOEGLE LTRIET H720,
BE, Wi L CRIOERA & #IR L Tl 2 Bl 55 2 &A%
TRECTH 5, (3) Hor#iPlIIEEICRETH I LT
&, Hor#iP 2 Ik LREM 2 BT 2479 2 L%, TL#HiF
i L, MRERommzilET 22 LbTES. i)
I8 X 6mm (RAKA—2) 75280X210mm (/)
A—2L) £CTHRETHL, (4) HALH DM & O HE
Y, EmWBREHIPTES (K1),

(116)
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Laser speckle imaging % H\»C, 7 v b T/EO i
me, wEEREBICBIT S e bTFEOMG KR = #l%E L
72. laser speckle imagingx H\W 7zl <TiE (1) #HE
b, (2) BRAF L7727 —% LCHIE#EPEOZE, FH)
WEE, (3) HE#EiPHOK, HiAATTRE, (4) Hke
RO MG ZAL % g S 1 SR AS I RE, & v o) B e
HLTWEZEPHENIZR ST,
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Bone fomation of Ultra-thin CaTiO; and hydroxyapatite (HA) coated implant
Kenji KAWAMURA, Hideki MATSUBARA, Yasuhiro NAKANISHI, Yukito HIROSE, Morio OCHI
Department of Fixed Prosthodontics, School of Dentistry, Health Sciences University of Hokkaido

Abstract

Thermal decomposition methods can coat titanium implant ultra—thin CaTiO; and hydroxyapatite (HA) coating. The thick-
ness of HA coating by the thermal decomposition method was thinner than the thickness of commercial HA coated titanium
implants using plasma spray technique and flame spraying technique.

We prepared four different surfaces of titanium implants . the machined titanium surface, the sand—blasted and acid etched
surface, the CaTiO; surface and the HA surface using thermal decomposition method.The present study examined the implant
surface of characteristics by SEM and EPMA (Electron Probe Micro—Analysis). Eighty implants were placed in forty Japa-
nese white rabbit femers. After 1 and 2 weeks, implants removal torque values were measured and rabbits were sacrificed to
examine the bone formation histologically.

The results indicated that ultra—thin HA coating by thermal decomposition methods can coat firmer to titanium. Implant
coated by thermal decomposition methods was able to osseointegrate at the early stage than the machined titanium surface and
the sand—blasted and acid etched surface.

These results imply that the use of HA coated implant by thermal decomposition method is able to short the healing period.

KRG I, BAERBEENTWE I XAVENEB L7 L — 0 @5HEIE SN IHAT — T 4 V7L D
WI—7 4 YR EERTELBGLE AT, WEI — T 1 ¥ 7 % i L 72CaTiOs B & (WHAFUEL D ZEm IR %2 3
X, AT T MEAINI BT T FRRE OB E OBRERE L, RO EE7C.

1. BARETCIE L 72CaTiOs B & UHARE 1, 5T L7-HAR & LI L Tl BAEMDT RV L5, HEEea—7

4 Y IR OBIEITEZ D12 v,

2. CaTiB L UVHATZ =T 4 Y FAY 7TV T, MiF 440 TI3 0 VBIOPTIAM VT T 0 MEEKL

T RICEHEVPRO NI,

DEXY, BOREICL ACAaTIOB L VHAT =T 1 Y 7 A 75 2 MIRMICEHEESEON, WEmELEE T
O W AR L DT REPEARIE S L7z,

Keyword : 7% > A > 75 &, B, HAT—T 4 7, CaTiOs, HAHE Y HF

ZAF T FR184E10 31 H
Corresponding author (Morio OCHI), E-mail : ochident@hoku-iryo-u.ac.jp
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24 JAF . L/ HAB L U CaTiO# i — 5 1 » 74 > 75 > s OB T 5078

I. #

WR A > 7T 2 MaR#RE, EORIBINT S8R LK
R ET 52 FEO—2TH Y, 4 H TIIRIBHRIGHE
WCBWTEELRMBVZ EDLL910h>TwD., L
L, 4772 MRLAT, KEDHENIZH R ) 5 IKE
R EFTICEEVEIMAZZ L (Lekholm, 1983),
BTORZLEMLRE V.,

NAFBFRITNIA N (LT, HA) 2—7 4 7
4077y M, HAOBEN-AKRBRE (BH, F
ME, 1997 5 RS, 1994) 1C & D iR OB & IR
L, #iFs 4077y b L TRINICEREGE
BB EEN, BRICBAMEHAEENSE>TET
W, LaL, BIEERILENTVE 7 I X< gtk
(FTH, A, 1993 ; M5, 1997) BI U7 L — 4%
& GEL, B, 1997, KT, 1998) cft&asns
HAZ—F 4 v 7T, 9—F4 v 7VRBROE LA
M <, BRI X o TREMEIRRLEMBIEICE L VEDSD
. THITMRT, 78 VM EDOBEEEL S L20E
RNIZBITET—T4 Y TROBM S OHEERL T —T
4 v 7N TOREE: EOWmER (FAS, 1990, T
5, 1997 ; dEES, 1999 ; 35, 2001) dH Y, HED
TS 2SS N T b,

BEEICE VIR ENZHAT — T 4 Y JB ORI %
YUFET L7720, I—T 4 Y TEORRRH T —T
1 Y MBI ORED TR TV A, HIZ, HAB OB IE
PLEMPOSOHEE LT L0 iET—T 1 YT O
BALAAERITH Y, flE TIBGREIC L A iR T — 7
4 ¥ 27 (Zhou and Akao, 1997) H'BIZFE SN TV 5.

F72, MiFyEHABEOMICT ¥ YEEA VT T A
(CaTiO:) BEAFESE, THEEXHEFSEL T LICL
5T, HABDEEMEZLET A HIN TV
(Zhou and Akao, 1997). HADT ¥ ¥ —a—F 14 ¥ 7 |Z
HWw 5T B CaTiosld, HERNIZBWTHiT & > L
EORTMOMHERE ITHFTELTWwD s (FHlk, JF
E, 1998 ; H S, 1998), 4 ¥ 77 b EREICE
JAEEDEH SN TEBY, TNHGPERFEEZA L
TWRIHEEDZEZ 5D, L2 L, CaTiosx I—7 4
YT ULIA YT T Y P DFRIEREIC D W TIAR 2SR
iz,

ZZTC, KBIZETCE, Ty oA T Ty PREIC
HAB L UCaTiO:k 2 —7 4 Y T L 7oA 7T~ b
REVEglL, ZNOHDa—F 4 ¥ FUHEDE & OB
RHEREICED L) ITHET 0%, BIWERELIT-
THRBZERHE L7,

il

I. ##EBLTFHE

1. FEEREUR & FETm LB S 1

FEBRIIXERES. 3 m, FWEI0 mOJISE 2 fflT &
VEA YTV N e, A YT T v MEOFKRIELEL
F45teL, 177y MRIZT T A ML % 3R
DHET 5 > 2 Hl ) 72 LA A > 77 2 b BN
TA YTy MCEBALT VI FIZE B 7T 2 MLBR Ok
FE#60, H710.5 MPa) %, FRMLER (25% 3 = 7k, 10
M) EBLTHERLETIAM O TT 2 (FF b
YNy, W), TIAMN YT T v MG R
(2 & ) CaTiosD I — 7 1 I % Jifg L 72CaTiO; T — 7
1Y T4 T Ty M. [ARRICCaTION 7T » MR I
BORFEICE VHAD I— 5 4 ¥ 7% i L CIEEL L 72HA
=T TA T O EAEEE W (11
1).

X 2 \[CESREIC BT 5 CaTios B L THA T — 7 1~
WO T —T 4 » TEEO THREE/RT. CaTiO;
T—F 4 UL, MLV T A2 — T F L AFH
YHEEIMZI20CICCHEML, HRFTHALA-HEIN
in—7% /7 = VB LUTIT b IA4V TaRFY N2
Z, RBOBVERLE LEATRNT 22 12X 1E
7o, HAT—7 1 ¥ 7, CaTiOyI— 7 4 ¥ 7 &[]
FEOPANERAT VR L 7275, CaTiOs I — 7 1 ¥ Z {4
BRI 72TiT b 94V 7aRE Y Fofb ) Ii2y v
KFEER (2 —ZFNUAFIN) 2N THELZ.

CaTiO:I—T A YT A Y TT Y ME, T7I7AMM T
7 ¥ MICaTiOsI— 7 4 Y 7 E®A L, 14 Hmou
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The state of the Clinical Department of Implant Dentistry of Hospital of Health
Sciences University of Hokkaido

Hiroyuki KITAJO"?, Takeo MAITA"?, Maki ENDOH"?, Yoshiteru KANNARI*?, Makoto TAMURA"?,
Hanako OHKE"®, Masaru KUDOU"*, Youichirou HOSOKAWA"" and Morio OCHI""

1) Clinical Department of Implant Dentistry, Hospital of Health Sciences University of Hokkaido
2 ) Institute of Personalized Medical Science, Health Sciences University of Hokkaido
3) Department of Dental Anesthesiology,
4 ) Department of Dental Radiology,
5) Department of Fixed Prosthodontics, School of Dentistry, Health Sciences University of Hokkaido

Abstract

Hospital of Health Sciences University of Hokkaido was expanded newly on July 1, 2005 and started as a new hospital. At
the same time, the facilities and stuff of clinical department of implant dentistry were strengthened remarkably. In late years,
the enlightenment spread to patients, who were lost of the teeth, to implant treatment spreads, and come to have a large the
expectation degree of the patients. At this time, we have reported having a medical examination status of the implant patients
from July, 2005 to June, 2006. We present Hospital of Health Sciences University of Hokkaido Clinical department of implant
dentistry outpatient this time between one year of June, 2006 since July, 2005 because the reality of the patient who had a
checkup was investigated.

Clinical department of implant dentistry examination several were 51 patients, and the introduction patient was 24 patients,
and the introduction rate was 47%. Patient who performed implant operation was49cases. Case of Implant operation was 67
cases, and implant installed numbers were 201 fixtures. The case that the patients was hospitalized, and performed implant op-
eration was 63 cases. There was much case that used with the intravenous sedation, and the anesthesia cases were 92.5% in
62/67 cases.

An implant clinical path is followed, and an implant treatment is being done, and it is thought that satisfaction of the pa-
tient and the treatment that were able to contribute to a feeling of relief were enabled. In addition, did an implant treatment
with a practicing physician, and that introduction of the patient from the hospital increased was expected, and a more thera-

peutic level was improved, and necessity to plan substantiality of staff was thought about.

i E R AP, 20054 7 3 1 HICMILAL T, rL < A& — b L7
A, Feald, 20054 7 A2 520064 6 A O 14 RIZACHEERBE AR A >~ 7T ¥ PRSIk E 22 LCERO
EREZAELZOTHET S, 42772 PEABEZZERIL, 514 TH Y, MABEII2AL THRARIIATH TDH

ZAF T FR184E10 31 H
Correspondence to (Hiroyuki Kitajo), e-mail : kitajoh@hoku-iryo-u.ac.jp

(127)



32 LAY Al ARE BRI A 7T 2 b R R OBLIR

o272, A YT T Y MR R fEfT L2 B, A9ERITH o 7.
ABLTA 77 2 MR AT L 72ERNIZ63ETH - 72
AT N7 ZANRAHE, £ 7T v MNEERTT-

ARFUI201ARTH - 7z.
R L 7RIS <, 62/ 6TRERITI2.5% Tdh - 7-.

1277y MR TCH Y, 1 TT 2 M
BRI 0L, BRI L

TBY, BEOWMEE L LEICHBM T E72GES I o7 E 2 A, Tz, HEETLA VT T ¥ NMEEPIT
BNDLEIITHEY, ZNOREL ) BEORMADEIMNT 2 LA TFRIN, SHITBHEEOL NV R LESE, X8y

T DOFFERE M B LEMNNEZE R b,

Key word : tiF}{ > 77 >~ I (Dental implant), Ef/R#EET (Clinical statistics), 2 ') =7 V¥ (clinical paths)

I. #

e B EFERFERRKFER &R 2 ) = v 713,1991
FLDA LTIy MERZHRAEALTE. Mk
20054E 7 H1H &Y, X0 —fEothiflR2z 5 Iz
DAt RE & i % X % 72 ek s L, diEsEmeR
FEbEE LTH LAY =MLz, 4 v 7T 2 MERIC
BT AR, FWEZTM L7220 BED=— X b
ABbND LI, K0 ethl MsERER & oM T
BN &) EHETH A ET 5 2 EAREE o7z,

Alnl, FA1&, 20054 7 H 7> 520064 6 H O 1 412
JeiEEREKRREA 7T v VRS E S LR
FHoOBE AL O THRET 5.

I. AERNRELIVAR

1. fEds
A OXTLIE, 20054 7 H 2520064 6 H O 1 4R 12
il EE R A 75 v MERLE RS LB

il

HL L7 B, AT Ty MABOATKT LB
R L 7.
2. W%

BEZLEBOHBZBEOLMAESE ITER L /-
()5, 2002 ; KK 5, 1993 ; B A, 1995 ; &t
M, 1995 ; A48 5, 1999 ; B 5, 1999, 2000.).

1) B (MR, Fs, fr, B3, @4, HEGTZEO
bk, KIHIRE)

2) A7y (AT L, K, KEEIR, EE,
&, AL

3) T v 7 A#HZW (Computed Tomography . CT,SIM/
PlantTM/LLH)

4) VB (BRAE, A

5) kB (EIRMEERRE, RPTRIEE, APBE)

6) Zof (£ >7F > MEFEEHIELZbD)

Db 6 HEICAHEL, WK 21T 72,

3. A 7T FRELROEBIRG

I # R

20054 7 H 1 H2>520064F 6 H30H @ 1 412 dbifEE
RHFERFIREA > 77 > FERBbR R 2 L BB
128%, WH23%LDFEBILTH -T2, ZDHIBA VT T
¥ MEAFMIIAGEGN AT L7, £z, BB
BHEEGOA 7T v VR RIL6TETH Y, A
77 v MEAREE, 200K TH o 7.

1) B (MR, 4, [T, #0, GEGLZOBRE)

HEOMR T, H2sfl, et23feizizl @ 1o

EFETHo 7z, FABTIE, 0L, 245EHITH
RDAT% % Ko7z, BIHT L0 EHEE L (R
7z (1),

R, AT LR 28124 & &R 023% % o, K
FRbE OIS (R, KX, A5) thbEs L
2644 CERD5I% % ol (F2).

MEEEHER 2 5 O BE I, 245 TEERDLT% % 5
D7z (F2). F7z, KEFEIHPEIT B RIS o> 2 5 4% B 2

BEH (N BEAAH (F)
Flin (R Btk Ltk &t At ke ABEF
15-19 1 1 1 1
20-29 1 1 2 2
30-39 2 2 3 3
40-49 2 6 8 17 20 37
50-59 13 11 24 53 35 88
60-69 7 3 10 45 13 58
70-79 3 1 4 5 6 11
80-89 1 1 1 1
aat 28 23 51 124 77 201

K1 EEEB L OMALRE

Hhtsk BHE R EH)

AFFLE L) 6(1)

B HAS 0(1)

Eersiin 1(5) 1611 (5)
AXFP FLIg T 14(15) JEX 10(2)

HRX 6

LT 1(1)
IR JEpET 0(1)
Z DAL 1(4) HRR2 AELT AE 1 5N L
At 23(28)

K2 HBIEEK
() PUIMBEEERER 2 5 O EE K

(128)



The Dental Journal of Health Sciences University of Hokkaido 25(2) 2006 33

5 DA, 4% TR BB EERDE8% Th - 7z.

12 7T v MBEBROEKIE, ARFEHRIGERT 27184
(35.3%), FEWIIAWA226] (43.1%), hROYIEIZIK
YUK S 75560 (9.8%), Z0fhas6 %) (11.8%) T
Hotz (K1).

FEMIT 3.9%
7Y v VL 5.8%

GIHIER  10%

TN 43.1%

MASNDT 2.0%

1 A >77 > PRk

2) AYTIv b (VAT L, K¥, HEE EE, BA
IS

FHLZ2A YT VAT LI, 7O0—F<L oA
YTT MUK, TANIA YT T MK, GCA v
7T R2R, POIA v 75 NAKRTHY, &57201
RKThHorz (K2).

POI 2.0%

Astra 16.4%

GC10.5%

Branemark system 71.1%

K2 4>77> o

177 boEZE, 3.5mmbl F2%294K, 3.6~
3.8m7A%40A, 4.0~4.5mA b % < 1114, 4.5mmbk
kAR CcHo7 (M3). 477 FOREREE, 7
~ 9mmA27AR, 10~12mmA385A, 13~ 14mm7A83A &
5% <, Ibmmll FIZ 1R TH-72 (K4).

1277y NRAEAMIL, EFEATHEIEAB0A, FEA
BREBAT6LA, THHATERELAT 6 A, THHEBE2 1044 T
»Hotz (HM5).

3) Ty 7 A#EZW (CT,SIM/PlantTM : #i <71 7
54 X)

4.5~5mm
10.4%

3.5mm AT
14.4%

3.6~3.9mm

4~4.4mm 19.9%
55.2%

K3 A7 Ol

15mm ELE 0.5%

13~14mm
10~12mm

42.3%

43.8%

R4 12770 bOERE

X TR
3.0%

15.0%

kA

30.3%

5 A7 NEAEBAE

WRTOWIGEZWE, T XTOEF TN TV XHEHE
ECTHHE L, A v 75 MEAYIL—2 a0V 7T
FSIM/PlantTM% HIWC, 1 >~ 75 > MLAETN % 7 %
L7

4) H4FE (BRAE - i)

TR T 72 E A T AT L 72RERNI323ETH ), N
=7 %77 b 61, Guided bone regeneration (GBR) 9
F, EFEREZEEM (FAF AU T ) AfE, Vo b
T MAETHoT: (M6). F72, FEEAM & R A
Y77y MEAERAT L7EBNZIECTH o 72, BRI
EAZIE, TRTTIFR L D ERE L7,

(129)



34 Hiroyuki KITAJO et al./The state of the Clinical Department of Implant Dentistry of Hospital of Health Sciences University of Hokkaido

A VRS
17.4%

(€1=134
39.1%

5) FREE (BFIRINEEERDE, JRPTREE, AR

FHHEGIOTIED ) B, JAFTRREA 2 1, R
& RN ALY 31, R PTRRI & SES A SR R+
HRNSEERE: (R 4V T4, THRT7 + — VA BT 7
P A6 TH o7z (7). FAITHE L TARRE

BlA63t-CThH Y, 209 b HMWY ABcA28M, 1Ak
M35 TH o7z (8).
RO KSR

3.0% 45%

KRB AGEHE A+ F IR SRR
92.5%

X7 M ()

sk 3.2%

—IHABE

55.6%

8  FMEIHT 5 ABRDOEFIZOWT

6) oM (£ 75> MgEEZPIELZD D)
A7y NEEETm 2L, 477> kL
KDH T 7Ly ADR, Tk AEbELENRLVnE

SN2 —2ARLBHICHHAL, AEI HEONED» o
T = ARHIRER E L7z, 4 7T v MEEEPIEL
7eEEE2HTHo. 1 BIIMFELOWETA T T
v MGEME OB EE L % 2 5N iz7-0 BE AR
L7z, &9 1413 FHEAWREZ RO, ZOWHEE BED
R L7720 4 7T v MaEL Ik L7-.

V. £ &

WA 27T v MGFIE, BUE, Bk o 7 RIBER
RO —RNFE LT LTETBY, BREDHEIC
T LIMEFERIRELS > TETWDE (H%E
5, 2004.). deiEEEHEKRFERER ) =y 7T
E, 194E LD A > 75 MR RBLTB Y, B
DAIGE RHRRFIRPE IS S S b £ TOIIETISED
BRI A Fr o T b, fERES 1L, 19914F 5 A 252001
FIHFETOA VT Ty MEROBKREEEFLOTHS
D, 104E[IT276% (BB1E1084, #1E168%4) 124 ¥ 7
TV MREI244AREA L T2 (S, 2001). dbiff
BERKZERER 2 V= 21, FHEALL, THE
FUBPLH VORI L, 200547 A1 HICHHA S
—ML7e. AT T MEEBROBERR S, 2 ) =
WAL NBORE L EX B L, &4 7T T b
WREZIOND L) ICdE L7,

4277 v MRRLBRD 1 £ OZZBERIL, 514
Th, =B M2R%, k234 THY, EEITLME
BEVLZNWESNTVED, 12121 1 1 0EEGOZZIR
BETH 7. WHBENLVESINTWLDIE, B
N, ZHBEEASHE LTV, DFEOEENECKE
BIZERDTR Wz SNT&E72 (EHES, 1999 ; fF k-
5, 1997). A, BUSRRELELZH LzBEE LT
(&, IO 2 AR <, BT OREORRERIE
R LT HBEDVEIML TE TV L REM D E 2 5
nr.

JEAEX T, ALBRTHALX 251240 & 21k D47% % 590,
SHIZHVOEDEEIL, 5HLZFD4.T%% ED7-.
PR, WXB XL OCHFH T ORFEERIE L &b 5
L26% TEIRD51% &P E G o7z, MEEERE S O
BAEEE, 24% (47%) THWHAFEEZRLTWVDS,
Z DT, REEBEREE DS O/ TIE, 14%
(58%) E¥fEZzRL7. U, FRBEAY — FRETO
AT T Y MERIOET D IS OEZESHER SN TB
D, SBROBFNE Z LESELLEWNDIEZ BN,
10770 MERGLOBRKIE, HIRFRMHHRIES, %
WOBHIRD 720 L Ff 2 5 BEDE L, RICKWLE %

(130)



A B

U 5 2 ENDIRIUEN S o7z, F12, AT T
MEFEZIT) TEPETNDIE L VIS EROEE
AEINL, TERB O RIBMHHBRLE TIEEED = — X1
B L 7o TRTW S, WEHERICET 24 2T >
MEEO=Z—ZX0EE NI, HiELEEEEZEEL,
QOLOMFZMA Z L BMRfLL TE TV a7zt
Z bz,

4277 2 MGEIZATIEB TOLHF O T4l A AT S
oL EHEN AV TT U N VAT AL, Ta—4 Tl
74 TT Y M4A3ER (711.1%), TANIA 7T b
334K (16.4%), GCA » 77 » h21AK (10.5%), POIA
YTTYMAR (2.0%) THotz. 4T T MR
(&, BEAEGI, 47T v MEESEAR — AR HE
TEHEEDNL VI LD, HBRWEIHAOL VW7 H —
ARNT VAT LAOERRL wWEEZLND, TAMT
1277 ML, WEROFRPIIH 0K E o1 » 7
TNV ATLADD, BROFNERIZEIE S NS X
IR ) HEAIERRAEBER L TWE. AT F 0 Mk
DEEIE, 3.5~4.5mmD —fFEH AR L F2 T —F AR
(&, 1514 (75.1%) &b Z<MEHLA. 17T
MEAERALIE, BT BEIC1664 (82.1%) T#
D, FARMY, FEMB L OEENICIE, BEESmmDY
A RRF 1 = 2@ L7205, WL, XS8R L
THENRECEREMICIHBTE L2 L2280y —2A0%
W7z, LX 27— K7 =L I NEEZS
nNa., HEOMNA Y TI Y MEIE, TANTEMHH
L, &kn86.2% % 5Tz, hid, TOY AT A4
DI CTHDLT AV AF ¥ —D< A4 7 0AL v FEB5IC
£ 2088 OBRIENH & A > 5 — F b fdAERE U &
D, MIVEIRICIRBEEZONDTHL., 10T
7 v MEOERIZ, 10~12mm7As85AK (42.3%), 13~
14mm7Ai884 (43.8%) L& (MM L7z, REO&HE
%, TH#HTIE10mm, EFETIZI3mmE&EHEE L THFE
FIEZ TR L CWwE 2oL EZ 5N, BBITHC
(&, BAEE OFRIUC &) BEOEMEDTE S HEHNS
W EDS, BIREGERALIE TN Tld TR & D BRI
Tw5 (Clavero and Lundgren, 2003). N=7 27 7 k
(&, LEHRIBREAY5 B, TEHFBEAY 1 B OE 6 Bl TH
o7z, FEHRTERERE, FEMERAR <, RO
HE LW OGBSI b N LIER D%\ . GBRA
TTENTZ9MIE, 417 T LA L FBRICHIT S
2. AR, BRBMIEMENICLETH LD, HENEED
FBwA U 77 MR AT RERIZHEIT L 72, g,
MR O WA W, FF I SIM/Plant™ % [ 975 Z & 12 &
N, A >77 2 MEAFM LGB E 72135 8 A AR

HMERE 250208184 35

e EHM T A ECTHEBICHEHTH B (FF
W, 1998 ; KK, 1998). 1~ 7 F v bEMALEKZ ) =
TV IRATIL, METOWZZ W IZHH TH 5 CT % #xig
5 EEYHELTWD (Melvyn, et al., 1987). /%
) IRXMEEIZNTTIZA VT T Y VAT OB
ZL <, BEIHBROMEREEOMREREZ 7] S
CETVAZ e HDbELWREIEETE 2V, £D7:
W, SEGICTZHIE L7, T/, CTTOMETZHIC
&, i, EEHHCT (CB¥—F =LA H X7+
a) AUIEBEISGEA SR, &SI BREOWRE E
0L EELIZESICEEOWERE D EROERH
CTE DD ARL A ICLY, BEDA) v MK
EL o TRTVAD, S512, CTH%DSIM/Plant™ fi#
Frck b, MEFEMISE LA > 7T 2 F OB AT
WHEIC 2 B LIS, HEMIIA V7T Y FFilie A 2 —
VTAZENNETHLEIZODEZDA T 7 MFEMiO
HREE L ZOEICOEIL TV 5,

A 2772 NFANE, JRETREE & BRIRMN S ERE DG
LEZERZLNTWS (&7, —H, 1999 ; /M, 2000 ; #
5, 2003). A4 77y PFMORMHERS X R
BOReEM, PuEtks L OHEE AR RS0
HIRNEEHFEIROAHZFEL SN TWD (Kl
5, 2004). FD7, 47T b FRFEG6THH63
PEAS, FE5 A EEE + BIR PSR T CRiAT S 7z,
S A SEFR LR SR TR B B, ABEASANTT RE 72
BEFCEERBERETH - 7.

A2 77 MERIE, HEME LR AR E
T HENTBEE RS> TETWA, E5I12, 1V TTF
MG X, Top down treatment & L T D fififk 328 A (228
Do 7ZERETI A T 5720120, SRR AT
Y N RCTHAGHWIHE > TWAh, LA L, ZO®E
fEZ o 125 E, BENOAFE, 1770 MO
ELEEDE U A REME TS . T 72, AT HTICCT %
Wf% 5 2 & CHERHERORESEIBDOOLNL Z LD
HY, BEOFRIC LI EbHD. LED>T, 1~
77 MERIZBITACTIREDERII RS VW EER
5.

G, £ TT v MNEBEEFIELZZDE 24 TH -
7o, 14 EZEOMLFE LOWEDZORIEL. 91
SiE, Vv M) T MK AEA Y TT Y NEAEENE L
7278, CTH#(4fe, LMW ENRD bh7z. BEIC
ZOIREDOFMIN L BWEHE LA L7225, BREEIRICZ
Lozl & LERBNLZZEDHY, FEAPIREDE
LR L7200, BEOMBOT, 4277 ME#E
kL7,

(131)



36 AEFTEAT Al ARE BRI 7T 2 b R BROBLIR

A0 7Ty MEREOERIZEY, KREWHPEICHERE
ERELDRBASNE T —ADBEZTETBY, 851214
YTy MEREFNIT T LEAEDS DR L L.
WAEEE, 1770 MEATRRREN 2 VWERCS
BRI L TV BEFOMA L LD, 5124 0T
7 ¥ MBI DIGHE L NV DR EREM LAY v 7D
FET 2 LEEIZZ b,

A 27T v MRk, AbiEE R K A R
bt (Bl AGiEE R FERBINE 2 ) = v ) T2002
F1IH 5 HIZHER L7z, duimEERE K EERER 2 ) =
v 7T, A Y772 PEFBRSER S Tn e ho
72728, 20054 7 H 0 dbiEER KT IEE & L CTOHHE
BEpibEicd b, T4 0TI M7 ) AN INADE
ANERE Y T OWREAT, 4277 2 FEREHERDS [F
BRlcA S — L7z, 40772 Mk ko g pl &%
&, BHE L, 3, SHEDOKIEHIZKFHRIEDHIEEIC
TWHARZ )=y 204 T 5 MRk A 2 v 7
IR L TV a. KENAIE, SEIME ST EITE
B HbEbEELToT0A, 512, HEHKEA DR
NOTFTHES HIA > 7T v VR R 5 v 7 D%
LE S ST B L Tn b,

V. #&

Alnl, FA &, 20054 7 H 7> 520064 6 H O 1 4] 12
JCHEEERK A ~ 7T v MRk R 2 LS
BOERERELL. A0 77 VRV RZZEE
¥, 514 TH Y, #WIABEIL24LTHENFEIZLT% TH >
2. AT T MM AT L2 EEL, 49ERITH -
oo A Y77 v VRMRIZeTETHY, 1T T
BARII200R TH o 72, ABREIEHIA 77 2 M F
i & AT L 72 EBNE631 T o 72, R :0E, IR
HERE O L7EBID S (, 62/ 6THERITI2.5% TH
ST, AVTIT M) NIRRT, £ T T
MEREIT->TRBY, BEOWEE L NEICHRTE
T BEDREIC e oo bR A, T2, 41V TF 0 M
WEREETH 23N, ZORE» S OEZOHA b1
M4 22 EnFREIN, SHITHED LX) E ) &
&, AY v TORELXXLLEENEZ b7,

2 Z X

HWEG. A > 77 2 MRS BT 208 5 E i L RO FE
W — iB 9 1 L2 SIMY/Plant % v 72 B3R 4 B0k RIRAED] % 3 L
C—. Quintessense Dental Implantology 5 : 315—322, 1998.

BN L, ERRZFEDL, BEIRBLZE, BAWE, WiE—. 4FH
B LBESEMDA 7T MEEOBRIRGE R, &
RS 32 1 285—289, 2002.

=)
]

(132)

BBz, MHEFEA, L 3, $eRiE, JCFHEl. LA
BT AA T Ty MNEEORKER O BIEE. W RS
30 : 147—151, 2001.

BRI, A >~ 77 2 M OBURICE S 2 PAEN7E. thEES
it 13:53—75, 1994.

KR, L W, Jdbproltr, B BE, NEOB, M
—HB, HrORHE, Bk, NEHA, BOEmAN, BESE
&L JHEEIRFR RS R R - A > 7T > PR
D 5 TR AT HE B L2 3 2 5 e g 0 A TR O MG, B/
Hpgas 231 107—114, 2004.

BESEA, BOEIGRN, BWOHEE, MARLSE, s e T, A
WL, MEEPRE M, BZES, ISR, KRR, B
Jeh—, WHEE, AIEAN, =08 B, JbifFEm X o Ok
A7 7Y MEROBIRAE —LHARDONEAS >~ 7 F > MiF%E
KRHOT7 Y- MRALY - HOKEA > 77 > Mk
12 1 408—421, 1999.

B SFA, B, BEERN, YR D, mBtE, Af
fil—, nx REE AT, NEBIGA, MREFEERE, AEcoark, B
WE, P OEE, AR R, EERXoOES 77 2 b
B O BRI - RFEREEOT vy — ML) —. EAH
BiRs 19 1 37—54, 2000.

T B, —EW. AT T Y MBEICBT D IR SRS
D%, Quintessense Dental Implantology 6 : 198—203, 1999.

Bl ks, BHGRA, BESFAE, NEWEA, #FirmiE, oF
Wi, NH OB, JLPriAAT, g B, KME, AN —
BB, HIMAME. £ > 77> Mkl SBREBEFOZZERE. K
HpkRE 231 97—106, 2004.

AINGNE—BE. @A > 7T Y N T RAEIIB I 720122,
$EEF I O I . Quintessense Dental Implantology 7 & 424 —
428, 2000.

B 3k, RN, IR %, SRR—. ERZEITTOA
¥ 7T Y PFMISNT B EIRNEEEOME. BEEAS 27
7~ Mg 16 132—40, 2003.

e, W I BERRESR, JEH—, HA k. HAZ —
TAYTA YT T Y ML 2ARORHIBRSRE. AT T
Yx—FI 6 :21—19, 2001.

WH R, &7EZ, WMEER, FOBA, LG, BAR
T AT T Y MRREA O REZ IS B BRI
. HI9EEE 66 0 15—19, 1999.

KXW, AU, WHE—, R, EHE O, HEE
Fr, EHER OWEA Y77 2 MEROBUIRAE — B ARDOHE
A>T VERFFERZR MR L LA —. A0S >~
7' v Mak 6 1 142—157, 1993.

RHZZ., 7aba—)v EifEat. wRER 28 1 273—280, 1995.

KA L. SIM/PlantDF5 8 & A I — TR R2 B 3 & OV ifsat i
DR IEH —. Quintessense Dental Implantology 3 : 300—
307, 1998.

FEOBE, PRERER, FIARI A, WEAE T, EiL G, PR
B, PTHESC YREICBTA10FEDEEE LS T T >
MEB ORIRARE . HOKEA > 77~ M35 10 1 68—
75, 1997.

i &, BESE, MIIALE, haiEeE, AT FERE. s
A7 M A7 v — M. BOkES 7T 2 b
A 12:262—280, 1999.

Clavero J and Lundgren S. Ramus or chin grafts for maxillary sinus
inlay and local onlay augmentation . comparison of donor site mor-
bidity and complications. Clin. Implant Dent. Relat. Res.5 (3 ):
154—160, 2003.



The Dental Journal of Health Sciences University of Hokkaido 25(2) 2006 37

Melvyn S S., Stephen L G R, Michael L R and Neil C. Computed Melvyn S S, Stephen L G R, Michael L R and Neil C. Computed To-
Tomography : Partl. Preoperative Assessment of the Mandible for mography . Part2. Preoperative Assessment of the Maxilla for En-
Endosseous Implant surgery. Int J Oral Maxillofac Implant 3 : 137 dosseous Implant surgery. Int J Oral Maxillofac Implant 2 : 143 —
—141, 1987. 148, 1987.

(133)






JeimE LR AR 25(2) (135—139) “FRu18#: 39

(ERER#RET)
oAU i PR IR K 2 S R PR e o e A B R D IR AR R B 22 19 1B 5%

RHE g, Nk GERY, R FFE, BN 2, b RV, NEfOREE, AR EY,
Ky Y, P WY, NHEO B, duir aAMTY, MR BESEY, SH EH#YDY

1) B KE R AT CES VB2 45 1 G
2) BB RS E A SRR A5 2 R
3) dbiEEEE AR AR R R v 5 —

Clinico-statistical observation of inpatients at the school of dentistry,
Health Sciences University of Hokkaido hospital

Shigehiro TAKEDA", Johji KAWAKAMI”, Toshitaka MUTO", Kazuhiko OKUMURA", Yoshiyuki THUIT",
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1) First Department of Oral and Maxillofacial Surgery, Health Sciences University of Hokkaido
2) Second Department of Oral and Maxillofacial Surgery, Health Sciences University of Hokkaido
3) Institute of Personalized Medical Science,Health Sciences University of Hokkaido

Abstract

The outpatient division of the Dental School hospital of the Health Sciences University of Hokkaido started in December
1978, and a hospitalization ward started with 24 beds opened in June 1978, and closed in April, 2005.Clinico—statistical ob-
servations for 25 the years while the inpatient division, was opened were evaluated.
1.The total number of inpatients was 3055, and comprised 11.8% in all initial patients of the dental hospital for the 25 years.
2.Patients with jaw deformities were the most common, 393 and comprised 12.4% of all hospitalized patients with oral and

maxillofacial surgical complaints.
3.The rate of occupiod beds the operating bed ratio was 17.7% and the average length of hospitalization was 14.2 days. This

number showed a tendency to decrease over the years.
4.The income from hospitalized care was 957.15 million yen and it comprised 20.4% of the total income of the dental depart-

ment.
F—T— KRR, ABEESE, LEYLEE,  Clinico—statistical observation, Inpatient, Oral and maxillofacial surgery
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Clinicostatistical study of orthognathic surgery in the Oral Maxillofacial Clinic
of Health Sciences University of Hokkaido Dental Hospital

Yoshiyuki TSUJIY, Johji KAWAKAMI”, Kentaro KAWAKOSHI”, Katsumi MURAOKA?, Kazuhiko OKUMURA",
Hirohiko TAIRA?, Masaru MURATA?, Toshitaka MUTO", Hiroki NAGAYASU”, Hiroyuki KITAJO?,
Shigehiro TAKEDA", Takanori SHIBATA"* and Makoto ARISUE”

1) First Department of Oral and Maxillofacial Surgery, Health Sciences University of Hokkaido
2 ) Institute of Personalized Medical Science, Health Sciences University of Hokkaido
3) Second Department of Oral and Maxillofacial Surgery, Health Sciences University of Hokkaido

Abstract

A total of 55 patients who underwent orthognathic surgery from July 2002 to June 2005, were observed clinicostatistically.

The results may be summarized as follows :

1.There were 11 males and 44 females.

2.The average age was 27.7 years, with an average of 22.3 years for males and 28.8 years for females.

3.The diagnosis of mandibular prognathism was made for 50 of the patients (90.9%). Sagittal split ramus osteotomy (SSRO)

was performed on 37 (67.3%) cases.

4.The mean time of operation for SSRO was 2 hr. 22 min = 1 hr, and 11 min and 4 hr. 26 min = 1 hr. 29 min for the SSRO

+ Le Fort I osteotomy.

5.The mean blood loss was 130.9 + 157.9 ml for SSRO and was 220.6 + 143.7 ml for SSRO + Le Fort I osteotomy.

F—7— K

i

LR BRI C RIS TR 12§ 5 BB IE AT I3 B 7
EREIC R > TWD, TETIE, OB IETMILHEMR
DHELEBUTT 2RHMOBE VIS LY BHEHEIER
Zhsb (EiES, 2004 5 ATk, 2003 ;5 IIAS, 2003 ;
JeE 5, 2003).

CTNETIT, JLifpEERKF R ERRE (DT,
ARPBE) 1219804F |2 FHIG IE T4l & Bd L 72 DA, 20014E12
A FTI2260060 2525k L, = O224F B OREIRSEH 1
(BT, Blaio#dE) 25frbiiz (EHS, 2002).

il

DHHEIE, FERGIETAN, ERIRAEET, Jaw deformity, Orthognathic surgery,Clinical statistic

COREREST T, KRETOBRERETHIEED L)
R L7222l L, SRobEEHO—-heds 2
xR EME L CERMEEIFICBIZEE L, Daiowks et
B 2T WETOEREMA 72O THET 5.

x§ ES

20024F 1 J % 520054F 6 J % CTI2AbiliE R RS- i
ERIES I e TAT D N7 BB IE TAES 2 x5 & L7z,

AT, AEBIOIEGIEL, TR OFR L L, BEO
JEfEd, BRRFWT, WRTEIEOA M, T, T
B LUOTiho g, ABMEIZOW T - 7.

ZAF T FR184E10 31 H
Corresponding author (Yoshiyuki Tsuji), E-mail : tsuji@hoku-iryo-u.ac.jp

(141)



46 P

] S

L. AR T RE BT £

FAAG IE TN 2 AT L 72 FEBUIEE56 T, 451 T DFEBIEL
1320024F- A3 1141, 20034F- 231941, 2004 4F- 251841, 20054F- 1%
6 v A TdH o 723/ D 7THIT, FEHOPIREBIEL

13.8%1CTHhH o7 (KM1).

(N)
30

25

20

10

5 “‘

, wLLLLLL
‘80 B

85
B1 FAIEER OENOEHRDHERE n=315

‘90 ‘95 ‘00

‘05 (%)

2. MHEB X OERBIORERIEK
BEOMNIBEMELIL, KHE44LTHEIET 4T
Hotz (Fl)., FRWICAD &, 108124 (21.8%), 20
A328% (50.9%) &#EPHEBRZ THY,30ML6 %
(10.9%),40f% 6 % (10.9%),50fk 3% (5.5%) & FHL
B 20/ LRI SIS 22 B IV IR LT 7z, P4
W1327. T (RIK15M%, &Eb4%) C, BLcHaD &
BV F22. 35 (RK176, wE29%), LHEIEFY
28.85% (K155, Wmb4%) T, ZHETHhIFhITEmH»
o7z,

®1 HLBERE ORI OB KL

B2 b A ERER S AR R R R R 12 BT % SRS IE T4l B O BRI MR T 2210 s

R 2 FAZIEAEEF (2002~2005) OfEfEH n=315

4. ERIRZ W

Tl B E ORIRZ W &2 7483 5 &, THHATZSE D506
(90.9%) THb% <, ETHIESIHRIF (5.5%),
FAIZSAE 2 6] (3.6%) THo7z (FF2).

®2 BWRISH

] EBIE(%)
TERIRE 50(90.9%)
L TERIERFR 3(5.5%)
L 5ERTE 2(3.6%)

&t 55(100%)

5. MG IEOH
MBI IE DA% A 5 L 55F1H5161 (92.7%) DEE
THFET B IEAMT L, 461 (7.3%) TIRHIHBIEIZITH
Nihrosz (F3).

%3 HIBILEGTREROIER

RS 106€ 206K 301 401K 501X =5 &F 2002 2003 2004 2005
£z 4 7 0 0 0 11
A 9 19 17 6
E:S 8 21 6 6 3 44
(AN)

3. BBEOETH
BEORAEMESITINCAL L, KEOD 5 HIFEIT
H33561 (63.6%) Licb% <, FTARBEICHRET 5%
MEFEH» 76 (12.7%) LAt &, BREXT 64
(10.9%), MER=ZT 2 B (3.6%), HEXIT 261
(3.6%) JISZT - AT - AbipdE st s v d 14
(1.8%) TH-o72 (M2).

6. Al OIEBIEL

FEREE T O AT B OFE B UL 712 & 2 FEFI A
3961 (70.9%) T, #HAMNAT66 (29.1%) TH - 72.
Hi— s 3960 <&, T FH Ak O IR 40 F Ak 37 41
(67.3%) Tikb% <, wilgeI 016 (1.8%), +
N ATATERT 1B (1.8%) Ta o 7.

A M ALGIER I B\ T S 2 IR 55 B4l +
N A BT 9 191 (16.4% ), i1 T FEAL I 4K 5 A +
Le Fort I FU458) ) 4l 541 (9.1%), &AE-EL 0 4+ 4 +
A TERU 150 (1.8%), Tl T FEE I K554k + 4 b
A TEHAT +Le Fort T A145-80 0 47 161 (1.8%) TH - 7=

(142)



The Dental Journal of Health Sciences University of Hokkaido 25(2) 2006 47

7. AR TR R

SPRTFARE ENEHE— AT X D 9 & W~ FEA IR Sl
2 WE224 + 1 WEM10% (Fcke 7 B 0 4, iRed® 1 B
1843), CRAEE L)V 4iF 2 BRERI405, 4 b A A T 1
285 CTdh -7 (F4).

F4  HE 2O TR S L O HE

=t %3941 FiieERa Hifn &
TEEAR KK BT (n=37) 2B5RA225 + 1BERT 105> 127.6£156.9ml
B LY i (n=1) 2B%5FE1405> 40ml
A7 A R Al (n=1) 189285 18ml
HIRHERE

BamTi, T SEESR EI + A N A R
iy 2 Wp 499> £28% (e 3 BEI45%y, e fd 2 e 15
53), W FRL IR AT + Le Fort I 21440 1) 4l T 4
REH2670 + 1 ReR129% (e 6 WeHIS720, fc%i 3 efH] 2
55), BB O A+ A A A TR 4 e, T 5
BRI BT + A b A A TR+ Le Fort T 14547 ) 4l
3WEM45ThH o7z (£5).

F5 MWAMR L ZOFH Tl

=t %1645 FHiT R
TEERRAR D BT+ b A R LAl (n=9) 2851495 + 285

TERR KRS Bffi+Le Fort I RBEIYM (n=5) ABEREI265) + 1B5R9295

B 1Y A AR (n=1) 48500053
3 KD BT+ B A TS AR
gyt 0 s

iR RE

8. Ayl i

PRI T A0 ) B, TG IR 5 E
130.9+157.9ml (f K =850ml, /i 6 ml), e
B0 #40ml, A+ b A TEBATLI8mITH o 72 (F4).

KA T T ZHAC SRR EIAT + A b 77 A Tl
100.9499.5ml (kK& 354ml, fe/N&E28ml), THHEIT
FAR IR I3 AT + Le Fort I B4E Y] 1) 487220, 6 = 143. 1ml
(R AHA13ml, fR/NESIml), BT L)Y 4+ 4+ b7 A
TEBART100ml, T4 T ZEA SR B + A 77 A TR
+Le Fort I BI54) ) i7300mITH > 72 (F26).

®6 HalTolinE

=t %1641 EHHmE
TEERERDBIMT+A S A R Bt (n=9) 100.9499.5ml
THEERIKDET+Le Fort I BFYIYHT (n=5) 220.6+143.1ml
EHEB IV A N A R AL (n=1) 100ml
TEER KRS BT +A M A LT
+Le Fort I B4EHIYHT (n=1) 300ml
+HEHRE

(143)

9. ARt

ABEHIE OFH1318.6 H T, 4EHTHD L 20024 1%
22.9H, 20034E1318.7H, 20044£1316.7H, 200541317
H & 2003 LARRIZIZITZE L, MGl Tz (M3).

(a/)
60
50
40
30
20
10 N N
o AERBNNNENE ARARANRNERNERRINRINS
‘80 ‘85 ‘90 ‘95 ‘00 05 ()
X3 FAZEERESRE OV AR B OHERE n=315

FBIETFMOEERNEmICH Y, CoZkidahg
TIELLHPHREESR TS (BFES, 2004 ; AR
5, 2003 ; IHA S, 2003 ; AL 5, 2003). Ak o Ll
D 2606 % A B & AR OB IE TAFEGI L, &/
A19804ED 2 BT, Z DHEITIHH % Bk L 7245 CHBIE
Fiiz MO TIT, ZOHMIZ6 »AMTHo 7z, —
J5, RIZ19874FE D244 T & DIAERTIC, T L EHT
AP D BEEE IETAN & 40 4 L 72/ 58, JEBIDSEMmL 728 0
LbNTz, EOFILLL8BITH - 72h%, S RIOMES
L 725561 CIE20034E D 19BI 25 KT, S E TORRET
DAEERITS 2HFHICEL L, F¥II18.8FITH o7z, 2D
CEIARBETIE, &AEEOEFMEILIETIIEMLT
WD, FEROBEOW CHERIEIML TV 5 b DL dE
S THICH o7z (M 1), FALERE OB, 1T
RIAV R IRBE DO AR DG & R 74 S nREs
WHICKRELSEAENRDLELTWD (1AL, 2002).
ZOEDREDREGI ML 22 WEH & LT, bl
B CILRRE SRR OB AT EA (S, 2002) 2 - 32Kk
BRHERE 24T ) Bk AT L T 245 R TH 5 LS
b, T7z, SHIOME TIE2005413 6 2 HT7HTH
o725, TOFEFFTO3IAEFTTIFE V) HERTH
Sz, TOZ s, AEOSH % T4 THEL TA
B ERRB3IADIONT, RAT2H - 12289461, 7
H8#, 1H6#, 8HLH, 4436, 6 26, 5
A 108 - 11A 1BITH - 7. ST T OE#AH10
C20fCTIRE AL D, ZOEMRIREENSE L, EY
DIRHNCFHEFLET B DBV EEL LN,
L2 L, FRBITHD LARBEDLIETOHE TI1240 - 5018
X2%THo72h3, AHIOWE T DHIFIZLI6% & 1%



48 Yoshiyuki TSUJI Clinicostatistical study of orthognathic surgery in the Oral Maxillofacial Clinic of Health Sciences University of Hokkaido Dental Hospital

MLTBY, FEHBETHIL YL OFERBICIZELT
ETCWLEREEZL (M4)., 8512, 4% BQOLD
B2 5 b ZOFMTOREBIHDEIML T DT AW
bz,

(N)
200

180 —
160
140
120 124
100

80
60
40
20
o 19 13 nﬁé

1018 2048 3088 401 504
4 FEBEBEOEMRNOBLIL n=315

FHBFZEOMUF T, BLAETEHFS 1 12
5,2004), AfESIE1:2.3 (AHS,2003),
O] 1 2.4 THHOBETTH 1
7R3, RN IR i B
%L1, Zol%ErL
5, 2002).

AR OMF CTIEkIRREDEFEILE AL &, TDEL
(LT BE DAL R R BE DO FTTE L C & 5 LB 20 & O B3
Tho72h, REDUROHRETIEINS DAFLTO
BEIF41.2% (BHS, 2002) THo7z25, SEOKE
TIE63.6% TH o7z, 2O LITKREEDLIET DS % A
5 L BBES NI BN O & 5 L CREL Tz
S, ZTOHRTIEERLOBENRTTEZLOL L)1k
TETws (M1, 5).

-
m B

55

5 (mifé
A BE D LLET
DA IS o
RE B v TilTotk
{TroTwbELTWA (E

X5 ZEIAE B (1980~2001) D JE{EH n=260
%%%M@@T%%%ﬁﬁ%é%<,:hif@ﬁ%

EREREIBDOL o7 (BIES, 2004). ZThid

THATZHEIREADO BRI TH S Z L 2R L
(Enlow, 1975), % @ 7z AF T O T3 T EHRZEE
BEVLNWEEZD.

T, TEBRIRGEM SR S o oS D
FEIGEIERDIL it DZEEIEN TV D 72012
IRCERL, Bl a;ﬂ)i‘k LTHiTDNTWD Z ENEY
(FfE S, 2004) 7%, KREETH THEOTMHIZIZEAL
AR SN Tz,
WHIFBIED A W% 25 L AMOFEFTIE, 2L A LD
IR AT - T 7zhs, RO O F:224E 1 & 1t
B 5 & BARE LRI LI4E TIIATRIEE IE 54T S AL 7RERI S
28.7% THBIE SN TV R WIER D%, DIEDOIETIE
MATEG IEASHEAT & N7EBIAS71. 1% T, A RIOFE Tl
WZHEIN L, 92. 7% THTATAR IEASHAT S T w iz (M

6). ZAUE,20024E10H 25 7 1) = HIVISAKEAL T
WA S, TNLIEOFEFNIEARIEIEGRFEZIT) 2 &
IZLTWwa, INUBETHIEGEEYIT > T WERF]
1, W TH o 72 ) AT o TERITH 5.
A TAAE B H T 2 B IEIGHRIIMB O & DR ENER
BREVICHL COLENIR#H SN TETNLEY, 20
i#:ﬁwﬂfﬁﬁwﬁﬁm%#ﬁMLf*E’
(&, 19904F |2 FHETAAE B3 O 58 IE TG AM R B PR B 12

éﬂtm%(kﬁ%,%w)%%é@fi&w#t%%
a7,
n

20

|.I||..|||‘ , h H\ ILLL

80 85 ‘90 95 ‘00 05 (4)
K6 MHEEGITEFELOME =185

FATEH 2DV T, 516 S (3T B SRAR - EIAi HAH
My TIE Y 2 e[#I3545, T HHAL S IR 53 EI4T + Le Fort

ﬂﬁ@@ﬁfi4FW%ﬁ(%%%,%ﬁ@,ﬂﬁ%
(3T FHBCRAR T B vl T, P 2 e3840
FHRE TR 73 EIAT + Le Fort T B15 80 1) 4 CTld 4 Wy #2755
LLTwa (AfRS,2003). A HIOMETTIE, THEE
R EIy BBl 0T, P 2 R 2295 & AR BE O LLRi
H|EIL AW 6 0 Th o 72h%, THITH LRIEISHEM L
Twiz. F£7z, THEBEIRIGEMN +Le Fort I BEH) )
i ClE, AREI2655C, ARFEOLRTOHRE X 7 FeiH295 &
PV EMHLTLZ, E5I122 ) A VSADEAKIE
MBS 1 NTH o 72h%, THEBIR i A T
&, CP¥ 1 RS9, T ARG FIAR + Le Fort I 2
BHUOAMTIE, 3 EHF'EJ49/\T fl sk DS & DRI T

(144)



e B

b, FAEERIZERE SN CTWiz, ZomHE S/ kL

LTI, WEDPHEETFMICHHEL TR e E 2
B. FAEERICE LTI, INF TORETIRREBER
DETFHEMIIEN DV LZLDOEE 03 Rholcb Eh
TWDD5, TIHIERERIC X0 R S % R L
7ZELTwd (AR5, 2003). SO ERs, K¥EHK
P& V) Blah s SHEMRE S EET 275, 4%b4
EOFERDOMU C FATREH OER L 2\ X D 1025 540
ENH D,

FHTRE M O AP M E ORI A% (2o T
72, ABE D LLET O He T IETH F BER ZS R E4 TUE
291.9mlIC, TR~ 5EAL AR 5545 + Le Fort I FU45E)
HiCTI3856.5mlITdh - 7z, Al DAFES T I T~ 54 %
PR3 EIAT TUE130. 9ml T, W) FHAL AR 55 E AR + Le
Fort T 44540 1) 41 T13220.6mITH » 72, RO %
KB &, G O X T T SR KR T 13255 T, W
A8 R FE AL IR 53 E0 4T + Le Fort T T4 40 V) 4lf Tld877¢
(S, 2004) T, AMRSIEWH T HE LRSS T
(£158mlIC, Tl 5L SR 5 Al + Le Fort T Bl4) 1)
M TI3405mITH - 72 (AL, 2003). IO &
M5, ASROME LRI AR O LT o#is & ik L
I D 227 ) A WiERTH o7z, TiuL, FARRER
EMMEIZOWTIEFREICERL TS L SNED5, &
BaERs TP T5EMESNTNS
(AR5, 2003). A HIOBETTIE, BoMwE &I L T
S I EDS D %0728y, T IUTAE ONTE D HHERE D
BRI TH o EZD.

ABEHIM 2 &5 &, IR SIZELNIZ X > TELDEN
HEDVMET ~14THo72E LTwB (IUAS, 2003).
AR ORETIEFHIE18.6H T - 7225, KRBED#H 522
FERTOTFYIE38.4HT, ZD4EMTIZFEFICR->T
Wiz (K3). &6, 7= AN RADEAKZTIE
17.70CH o7z, ZoHBE LTiE, DHOWETHOT
AR ARG EIAR DAMI DF L) ) DALE 1L, Obwegeser/il
FICE LS TBI b T sH -7, F
7o LB R EEMEROBREER>VAY 1L 5E
BESLT I VEVETIARTHESNTNS Z DL,
FABETEIL 6 BB A EENIZB I ko T/, L
L, 2002410 H A5 7 ) = H WS A &8 A% E 1 1
ANTHEESN, F% > -PLLAZ L — M X BB EE
THMEEIZ 7 —10H I o 72, NS FHREIEEDE
WX ZHUCEEE L -FHEEE N OENICE S b0,
EHIIT ) Z AR ADE AN K B IGEOEELATT D
N7zkER, ABEWIEAEM L& ELOLNG.

FAREBE D E B EIE, EHPIEOHEENL

(145)

HMERE  25(2)0FH184E 49

BH ) LEALRIBEE, 00 BN VIEERE
LERTWA (18,2004). 20D & %#5E LELFAE
BHNOFHETANL, ZaTEE~ORIE BRI
119 BEND 5. AIRET LA FAIER 2 HILE 2 A B
SR O R RSB DR & By B L LI R TE
725, EHICEBEOREIBELLLTDLH)IIE T HX
EThHEELD.

] S

20024F 1 H 5520054 6 H £ TIZSBH CHMBIETAIT &

WiAT L 7 A TR B3 2o W CERIR R ST IO 2 47\,

DT iR %157,

1. 20024E 1 H2*520054E 6 A F To®@E 346 » AM
(24 BT BV CHHIE IEFAI & fifT L 72 E 135861 C
Ho7z.

2. BEHEOMEZ, BH12%4, k4644 T, Bk
1:3.2THo-.

3. FHTREFY R IE27. 66T, BMI322. 95, ikid
21. T TH - 72,

4. FRIRZWIRI D TIE, THHRZEDL R D % < 50641
(86.2%) <, M BIEGETIE, B E S
T, TR FEA SR EART AS37H (63.8%) T d
%oz,

5. “FHEITFA R E T B SR EIAT AT 2 e 225 & 1
WERI11455, T 7R IR 5 4 + Le Fort I A& 4 1)
I, AEE265 + 1 BEI299 T & - 7-.

6. TEEBIRIRS ST o 73 1 &= 130. 9 £ 157. 9ml,
T BH AL SR 4 EI A + Le Fort T B4 4) Y 4 T
1%, 220.6+143.7mITdH - 7-.

X (73

Enlow D.H. : Handbook of facial growth. 1st ed., pp. 226 —233, W.
B.Sounders Co., Philadelphia, 1975.

WHIIEZ, PAEAT, TS, B 5EeA, PEFIER | biEE
IRt FHE S OBIR (5 1 ) —JbifkE m bt FHE 2 O A
—. EWRFEEST 1 211—212, 2002.

OB, AR, TIHECL, BRI, PR, RRE
—, HEKLGA, FFRE—RE L8 H RS R o 0 R % e 45
LR BT 2 FBARTE O BIR RN F R Bi%E. H LT
13 1 27—34, 2003.

ABRREAS, S8 I, HNGE, EPRORME, NHER, SR
= R RFR A CEAV R 55 1 36 12 BT B 204 [ O 4G
IEFA ORRIRFAT IO BILE. HEAZIERELS 1 44—51, 2003.

miERIG, SEEM, N, BT, LNk, W
B, WEER D BRHNIB T B FEEIE T O IR R 52
HEZ 614 ¢ 26—34, 2004.

AR RE, B A, E %, mHE R EEDEAAR
¥, 52 MIEFHEREI994FE10 A 16 H A D | RAE B &



50

OfRER2-T1H

EA Ok, N ERRE, AREFR W], OKRAE, JNAENES, Ohk
W3C, ok Rz, R, NEBE, Bk, TER
i, BN—Z, Bunie, REFE, SELm, MR 5,
SRR, WA, W M, kHHE, FE B, P
WZ, AR B AR RO o A R e e B L AL R 12
B BB T AT 8 OHERE. HAARHEFMERE2] | 267—
274, 2002.

WAR—Z, NEER, BARSR, FRES, WEPF, KHEH
2, WS, MR A R EER O LS R Z B
% 2042 [ O FERE LT O IR MR IR . A SALTERELS © 27
—34, 2003.

(146)



51

IipEEERYEYSSA (20062 7 B14HEE)

F1E Al
% )
14 RSB EFRKFH 54 (The Dental Society of Health Sciences University of Hokkaido) & #73 %.
H &)
24 AREZFAIFEERRSESE (LTI AREIEET) 2duiis, SEMHEOBEELRGIIC LY, S ot
CEHEATOSELEY, O BREICFGTAEEBI, FEOHEARLAZEHNET S,

$28 = =]

R S

)
REFLUTOEELI VR 5.
1. E&H
WEEOWIFEICHEHE L, REOBHICERT 538, REFEME - KERAE - WF78E - BRIITEA - Rk
RIHMBEE - 2234 X OVREEUHE MR E CTHFESORR 215724,
2. WESH
KEDHELFEFHE, FFICHOH o725 T, FEHERERIPHESL, B, FHRASOHEEE
. nB, BESHICREELSBHTBELINEBOEN AL, £8F UOEHEHILL v,
3. #&H
WFEE - DHREGRE CHESOKRE LS A.
4. FHESHE
REFBEM AR DA THESDOKAEE2E. 1277, FASEIFEBRESBIIBTTAbD LT
5.
5. Bh&HE
REOHWBLOHEICERAL, W - BT 2EA - BIRET, BREREOKRZE-H.
(A &)
A4S ARBUIAKEGLTLEL, TEOH LAABICLEFHATLADO L RAEFHERICELAL D ET S,
GE %)
55 RETEXETHFLTLIHEL, HLPCZORAARSABERITEMNTL L. 72720, MAFTAXIBEORRITZ
NEAThh v,
BIETER)
SBIIDTOFHBICL ) Z0BHEEELET 5.
1. 2D EESBORM, IIEAHTE ZILEEDO OBV W,
2. REDZEIINTAEHOH -2 H 1220 TIE, AREIIHFES, FFHESO#MER GESEEIE 213K
LT HEIEDNHA.
(FA%)
ETHhR RBRMICL)SEEREZEEL L EDPHBAREMLET LA, 2E50RMEB 2 MABASTHREEZ L5
bDOLT 5.

(%R

=
%6 5%

BIE H/ESLVEE
(& B)
%84 KW ToETBL.
F1%, 55HHE 1%, FEEE 5T4, B 5 T4, BEF24, R T4, BIXOFEREET

— IR P

KEEARERPIZOP LY, BHAXPHEEL, SFRERZORTRTINERO L. FRIEIAZEAELL,

KB MIET 5.

. BHHAIHEROREBETRREIRRET 5. EHHFEIRBOEENH 2 HEES 5.

3. WHHFIHEORI)ELL, KEVRET L. FEHEFIHERFLLMAKL, SB20HEL, $47T
5. T RFE, B, REF, WK, &, Tofhids.

4. BREIAEREAZ, 25 CIX3HU EOBBEOHE L X HERZOKR G/ -E LT 5. HER, HER
AL, RO 2 ERBICHT A ERFIHEHFLT 5.

5. BFHAEROHMERETRENINZRET L. BFRIKHBIULZOMORHEL2EAT S, $0EI

N

(147)



52

oL, HHEKICHET 5.
6. FEREB AR, Bz, SEEMTHET 2130, SEOMEICLVEBELSOKR LG/ HEET
b, FFEBHIGFREES TR L, SROFBMIID U CLEHHLZEET 5.
7. FHEZHIMEZOERERT, SEIFIINEZRET L. EIRZBIEMTHHELMHEL, IBOSEWRH
Zh75
(&FED AT 1)
F95% MR, FREREIMKEDO 250 1 U ol (FEREED) 2b o TR L, BEFEHHEE ORI
I IhEgd 5,
(f= )
105 SEBOMINZ2EXFEAIE 5. 72720, BRI 2.

F4E = £3
Bllg AEREE25EOBMEERT 720U TOHRERT.
1 ¥

FROBRICIVEL MR ZMEL, IBFCOVTHET L. I/, LEIIDLEERR
AT TAIZ LD 5.

FMRRIIAE 1 ML LR L, REORHEE, ToMFMERICET 2175217 .

3. s, HMEs

4. & §E
ASIIFRBEEE LB EE K E W F MR (The Dental Journal of Health Sciences University of Hok-
kaido)” ZAE2MFATL, KBRICHA T 4. KeEEBERIEFIT 5 2 AR A, LB ER K R4
%ﬁﬁ?xﬁnﬁﬂz&%lf R ST E IOV TIRBNZED 5.

5. Zofh
O HMER LB L R 7 F .
EH5E & it
GEEREE, SFD
125 REOEERBIISBOMAT 25, 4, ZOMOPAE L >TINIZHTA.

2 HEROSHIIDTOM) L35,
1 E&E &4 3,000 FE&£% 5,000
o AR, FERE EE 3,000
N BBAER &4 10,000/ E4&4% 30,000

2L ARE (ERH, BURE) €, 8B3FULZEMLAE IS L TRAREEHRRT 5.
LBHFEEOHMITIGL, HEE %%1%’(1{3(?‘%: EWDb.
3 AROZFMEEZII1IHALIHEIVI2ZAIHET 5.
(ZFHHE)
H13% AZOPELRFEIZOWTIE, R, FRRRXOKRZAT, REFCBVTRAICHEL2TNER S %
W

F6E M |

(HHBR)
BlA%k REOFHHIIARFLAIC

(HTDLLEE)
155 ZORMICED L ODIID, REMOEHICLELZNHIIMEZOBRETRETIICEDL DL T 5.
$F165 ARARAOUBEIIHFE S, FFREROKREEZET, FERSEICHMEL2TER S v,

Bt 2l
1. AKANIIEMEIES A1 H LV it § 5.
2. RSANPHR 7H3 01 H LY IEITT 5.
3. ARV SE4 T 1 HEI Y ifrd 5.
4. AKANEPRITAHEA T 1 H XY T 9 5.

(148)



53

[AeiRE e R o at | emBiie (20064E12H 15 H 3HAE)

1. Wt
B, FHIE LTdBEEZ GO, RESBICRE. 72721, IEREPHER L L LLGEICE, 1FE7088 %
IS 5.

2. A B OBLRE

1) BRRIFZEE, "NV U FEEOERICE 57250 T, [ILiFEEFERKAMILERES] OKEL2ELZLDETSH.

2) NOELTHEN % & O5Ea1E, RO [ b7/ o - BIETEITEORTE B L OFE 2B 3 2 MR (2
Hox,[e N7 L BETHITEICHET A MEFERER] OFRE~NTHEROF VG DETS.

3) BRI, [dbiEEERFEYEGREOR | 1RO X, [BWERL L ¥y —FHEERES | ORE LS
bDET 5.

B, RFEDILOWFFERESE TIT b N 725212 D W T, Uik SE oM R E XS5 TR EH/2D0E T 4.
3. WO N

1) oL, FEGH L (Original), SEFIHR (Clinical report), #3i (Review), f## (Comment), > A7
~7 4 v 27 LEa— (Systematic review), FER#AEEI (Clinical statistical survey) &3 5.

2) FXONEZ, MOFATHIZERERO B DIIRS.

3) REEIZZFOMIC, RFER, AFESEEDE, FRRMRESE, FURX R BT 5.

4. EHEB L ORE
1) Hhami, mEER
2) BEIZoOWTIE, A
5. Hehaam K OVERK

1) i, BEHEZS CICHICED S [HEBEOTII & ] ICTHERL TERT A 2 &,

2) ¥y, #K, Fo v ) A M=, EXE GO0RELN), AL, F, KB X UKEHHELOMETEIZ
L5,

3) FefalEfEE, 280 (IE1#, a¥—1%88) &35, mEMISEHEBRZED O NI EKmERE L b0y
Ty aAE) —F/ECD-RRW (77 v 2 X2E) =L F L, HERTHICBELLEY) 2RHT
LIk, BBFAZICE, HHLAZOS, V—F7OtyH—DV 7 EET 7 ANEEREBTH. SHICH
AT LA AR IS X — VTR (4 b vs, &L, xS Tw A EIT) & 28 (ab-
stract) X MERBERFTTERETH T L.

A —=)V7 F L A . dentalj@hoku-iryo-u.ac.jp
4 o A R s e R

4) AR LORZLIZOWTIE, FEAE LT, #am (E5), FE MEBIOHE), HE, F4, Hwm OF
RE), B (WELRGEOAR), TMOMEICRHEHRT200L 55,

5) TXFHELDORLIZOWTIE, BEHIE LT, Abstract (3005ELLPY), Introduction, Materials and Methods, Re-
sults, Discussion, Conclusion, Acknowledgment (%7354 D M), ReferencesDNEIZFEH T A DD EF 5,

6) ERmLON Y ¥F—IZHFED T, 4H1, FES SICUREDOPMEER L RO b5 L9 IZR#HT 5.

7) ks, FEEBDPRELES (dentalj@hoku-iryo-u.ac.jp) 124w LOKEE TH 5 BOKGHEF W & A — )b
TEETALDET S,

6. Pk L ORKIE

1) #fam LT 52 EFHREE 2MFETET 2.

2) BIERmCE, FER B R PN —E DA, RIEIZARFHIDINIEF L2 b D& §5 GRH, ik
HNGAL, REZI) T30 L HET ).

7. FEHEFEORAT

1) ZREROZMNHIE, METZBRIHFL-HN LT 5.

2) ZHEEAPDLERIGAICIE, BEIRE L RIS IEEHE 238179 5.
8. HEE B X UBIRIE

1) B#ERHE, BY EAVI0EFCTERET5. INEBB LA, MERZBAPKELZ OZKRE, 1
H1TMHoOEZBILT 5.

2) AT—HIZOWTIE, FEHEOFEHEAHLT S,

3) BURPEHZDOWTIE, 50 FE TR E L, Chai@BEd 2846 GOMEAL) ICIIFEOFEEHIL T 5.

9. HIFHEDITE
FEICTBE S N OF M S AL E RR R F R R IFERT 5. AR INOEEYO & E 7213 —56
, Ay NI = 7R SO ERICBE - BT A2 ET KA. 272 L, mOABIIONWTIE, FENET
DEMLEEHE.
10. FHEOTO7 4 =)
BRIZEZEOTO T4 —VERLTDT, FEHFDOA Ty THEELER2RUT L L.
11. FEROEMNB L OREICEHTAMWEDYE
R - T061—0293 b g A 47 RS 24 BT 52 4R 175775 H
BTSN S S W TR o
JeipBEE KR MRS mER H S (FlR H2)
Tel ; 0133—23—1239
e—mail ; dentalj@hoku—iryo—u.ac.jp

BB LOWMERREROMET 2 HMRICLIVEFRINL.
DEDAERIIED SHERRRIPIET 5.

(149)



54

[eiEE R AR | RO T51& (20064 7 A 14 HBUE)
REREOKBEFR T 5101, THRMOTIE ] ITERLT, THETSVET L) BEHCKLET.

BRI T_RTAARME L, TRROHEE 1) —8) OF_TE, 2R L TTF S, FISCibet & i tibig » B fi
ol L HITI/RIBLTT S,

1) AR fR A 5) BB
2) Ty )AL= (FEHEEGOFA ¥ Lk L) 6) #£

3) ¥wAbsk (ABSTRACT, ¥ FEE &) 7) 1

4) K

1. BAREARZRAK
FHRIIE DT OFHZ LB L UHELTRRAT S,

1) FEfofEEH 5) HEHDOHTEDB L UPTEih

2) ## 6) BIRIEL (S0FBHAT)

3) HEEYL 7) EAkSe (BMEFRS, (EPF, EEG, Fax, e-mail)
4) ¥—=7—=F (5iELMW)

1) ®&
(1) —fxEAFEZF L LTRAL TV ARVREma A2,
(2) FICEEIZIE, FEHIE LTS DALOELFE VR, AR-2A GO THFUND T v =275 4 b
5.
(3) FEXHRBIIALREONF L —HEI L., LHOAKRLTL L, MINLTFETEH, T2, AR-ZADED
TUTUND T v =2 754 PV aftir .
4) FBIEIZCEABRY ARV, 72720, LERSEAIIROFNICHERT 5. G, £2H% oL ERO%
vy,
A - 3 —OO0O000000 -
2) ¥—7—F
S5EELNDF =7 — Faffif 5. EXOBEIL, F—T— FOEHEOAZ KT L L, ik
/N E$ 4 (] : Impression materials, Bone morphogenetic proteins) .
3) R&EBLUHRE
(1) EXRA (FI30) &, IR, ZIdEHoAT KT L5 (Bl Akira Yamada (I11HHE) and Taro
Hokkai (ALiEAER)).
(2) EBBOFED 2 r iU EOWAICE, FilgoFEHIC V2 Y AT 5.
2. FzvZ7JALMY—1
F v 7 )X FORIRIZHE:, BRREREZHERLT 2.
FEHRERTOTA Y, EEE TR 5.

3. Wk
300FELAN O B ibiR & T 5.
4. KX

1) BARIEA AT — K70y ¥4 010 L AMEE £ 5. AL LTI23A 2 MCFA ML, 1H35
LEXFETH. WHAIE [ ] & T, | £V, EXOHEE, FTVAN=AET S,

(1) AT T, MRS, oSt V7 MG, BUE, HEEEUIRT .

2) BEDPTFAN T 7ANVNERTEDGEL, BRLET7 7 AVERET 5.

2) BHO FEHIIA— YRR ERT.

3) WLOBHW MR, #iw (BE), Fik GIRBLOHE), §% $8 GRBLUZR), &k G
W), WE SOK, HORY, BELT D,

4) RBLEMVS & XEROMTHH £ 7T 5.

(150)



55

3 > 3)—>B —>a—>a —(a)

5) XX, HEMHREZRWT, HHET, fireohrv, OOPRROHEKE T 5.

6) M7 7ETHTE L, BALORGIIIS - 282028 & 1'Z8203(2# U, EEHAR (S) AT 2 L9 %
W5, FREAIZE ) F FEDF %\, (B . GHz, MPa, kW, cm, mV, um, nA, pF, mL, mmol, N (kgf),
K, C, min)

7) FANHERE, FERIE LT [SCEA SRR ISR .

8) Wikh%, ML, WEERIRD —ffbshCTnsd [HyhF-EE] L35, BUFTRIEAIL, LS
LFDHERILFNT 5.

9) NEDANAZR EDEAZFIIEIE LTERE 5.

10) i L7228 1, ] To% &, REBICHMLEZ2T 5. (110, 20, 30C)

11) #EttoRLEE () NCatBosEii L, B X OREER, TEMR, Btz &t Anin,

Bl (B4, SRS, (5, BERHA)

(X-3010, HA7) (EPMA, HA#ET)
12) LD AYGHT &2 A UMM R E S T 5.
5. 3CHk
1) XEKY A M, 777Xy MIE (A, B-ZIH) TERT 5. £72ARCHO5HEFTIZLT ORIy, T
BN 2 5L 5.

B L HEE (Izumi, 1999) (R, 1999), 24 (Izumi and Ito, 1998) (FIJR, P, 1998), 3% LLE
(Izumi et al., 1970) (FIIJE 5, 1970)
2) XKL LTAREL R DD, FIZITRARDT— ¥ RUEL EIEE LTHIH L 2.
3) XHkDOFEH F 2 3WEZEDVEBOBE I Tet al, ik T, ZOEHELHT 5.
4) FHELDRFROGEIEDRICAT O F 22, LFEEPEROBGRIREOEL OHIZandz AL
5.
5) XHROFLH G HEDOERIIRDELY 5.
(1) MEEDYE
HFEHY BEORE, K&z [, | TRUL.). #E-F785 4 Pv—. ks &I SIHAR-—Yolho kL
#b b, FATH.
%1 . Tzumi H. Functional roles played by the sympathetic supply to lip blood vessels in the cat. Am J Physiol
Regulatory Integrative Comp Physiol 277 : R682—R689, 1999.
Izumi H and Ito Y. Sympathetic attenuation of parasympathetic vasodilatation in oro—facial areas in the cat. J
Physiol (Lond) 510 : 915-921, 1998.

Izumi H, Ito Y, Sato M, Karita K and Iwatsuki N. The effects of inhalation anesthetics on the parasympa-

thetic reflex vasodilatation in the lower lip and palate of the cat. Am J Physiol Regulatory Integrative Comp
Physiol 273 : R168-R174, 1997.
(2) HATKRODY&

1) BesFICLL &
% . Weinstein L, Swartz MN. Pathologic properties of invading microorganisms.
In I Sodeman WA Jr, Sodeman WA, editors. Pathologic physiology : mechanisms of disease. Philadelphia :

Saunders, 1974, p457-472.

i) MAZ7Z3BEBOEEDLE
5] . Colson JH, Armour WJ. Sports injuries and their treatment. 2nd ed. London : S. Paul ; 1986.

i) WWEH, BEEEVEEOLS
5] . Diener HC, Wilkinson M, editors. Drug—induced headache. New York : Springer—Verlag ; 1988.

iv) HHfE, Mg EET, oMt ORE
5] . Virginia Law Foundation. The medical and leagal implications of AIDS. Charlottesville : The Founda-

(151)



56

tion ; 1987.
v) REBERESE LGS
5] . Vivian VL, editor. Child abuse and neglect : a medical community response. Proceedings of the First
AMA National Conference on Child Abuse and Neglect ; 1984 Mar 30-31 ; Chicago. Chicago : Ameri-
can Medical Association ; 1985.
(3) HHBEDYE
DHHPER Y pHREOFE, ELER L, BTG D RTE, SIH-T 0l LD .
Bl IH R AR O R T ) v VOB EREHIOWT . BHRE R AR 3, R
B 11978, 157—165.
4) WIREOY&
Fx WERE) &4 BEEY). B4 BITE, JIAR-Y om0 &by,
%l : Davidge RW (5 AK5ASE, #E@%i) tI 3y 7 ZAOE L #E (Mechanical behavior of ceramics) .
SLA IR 1982, 34-55.
6.

1) AMIZAARREL, 1T OHECT .

2) KT, HoFs, FEHEL, FEDLVEMEOEE, 77 —HROFELHELT 5.

3) MORE 2L, REPWE—MICRLZEPOLE L. R EA) 28EL T, MOKE SHHETHIES
—68mm, M Tl00—150mmiZ7%: % £ 9 IZHi/ha¥—L, XF, 5O KREE, HoKkS ks Fzv ¥
b, 7o 70Ny F 2 7IEMANTEERLDIZT 5.

4) R wid, By EA) TRILEIZIFFCI0—-138k (7—9H 1 > »), HOKS130.15—0.3mmiZ % 5 &
I B VRS 5.

5) MDA FVBLUHHIZ, FLOT, THOKIZOT2.

6) MMOERIL, MAAEERAELZIEMEICTS.

7) BEIE, A4HORMKICEEY, DELEXT, 5k LERATL. BEHOIAEIE, BRI ON-THET.

8) BEDHAKED 5 5RO —HOFHEZMHT 254613, HELFICIVEAPRETS 2L ) ICAET 5
bz, BEAANDLVCIIBREANSLEICLI VT2 Z

9) HEPLoOWHEZOGUECe R E2 T 5.

10) iC5 2 fMHT 2560 LB, MHEICE»TICKPICANS.

7. %

1) FRIITE B ANz,

2) FERAL, () LKL L, BEKHEDRFZEETL72DIZHHZ AND.
)%E#%i%@%ﬁ@%%&t@&%ktimu,%hu%umiiaﬁa.L#L%%u:@mb?uf

Wy,
4) HALZR EORFLIIF-FREICHE T 5. B2 (unit), T (mean), E#E(RE (SD)
(% :)
Table1 Mechanical properties of specimen 1 HABolFENHEE
i Tensile Elongation - 5lRhH S ik
specimen strength Mpa % il Mpa %
A 500 (20) 10.2 (3.3) A 500420 10.2+3.3
300 (15) 5.4 (2.3) B 30015 5.4+2.3
():sDb 3+ R A
8. Tl

FHEL S [HERMOFFIE] ICHEEN TV AEWVHRIEIZOWTIR, MEZERIBZAT IV,
B’REOF5E, BRE, F2v 7 UAMDT 7 AVIE, F— 2= (http : //www.hoku-iryo-u.ac.jp/ physiol/)
PHyyya— FHRET.

(152)






58

w 5 #®

b=l
cu

iz e 200 44 (20064F) ddHe—r ARERTZTERDFE L 12HIC A TRIZEL o TEAERFOILHRE 12
o T&EFE L7z, SHFEDEFIC2MOIIHEERRKFHELRITCEE L. I —BIKRAERKTOEIr T
ZREOBY LIEHH L EFTBY 7.

AAEDQ D WERE, BWEGTE, EI)TOWVWVWE ) RFFEEVWAWAH D F L., ilBEEZEX TAET L, AL
So TOIER, HANL OB & B/ MUSKROEERFEREE L FETINIRELBRFETLE. HEAN L
QLB IR VZZE LS LTS, Lo LHD ) F L vwoifk ,meﬁ%mﬂ WCEFEIGBOFERIZET T L
CENTELDLNKRELILTHY, FLWHELZ L TEH L LB TS, WS4 RTTIE M Bilke < W B R
DBATEV) RELRFEE LD F L., ER—A—ANZIHMTOES ED ¢<f%_®;7¢ﬁéﬁtéfbiofw
F9. N EREAICHEHLTVOENZWHETT.

B RS D TFAL R CORBETRE LTEVWSN VMG 2o TEE L 4BRIESLI—RBoBL
WA RA TR 2 R¥EZHRL Tt A ESENA W O L W E 3. EFET b G2 IE S R
JERIZBATL LD L LTwET L, BEICOWTOREL Ao 3Bh#EdZ, BFPEIE SN TR, %L w4
MICHBZEREoTHET., TOLIITRFARIPIRECEDALH) L LTI, HH, ik, 2HLnI K
FOHMDIFENEDLLZ EFAVERVEY. FAPZOVTNOOMEBTRADEWHSTEL L) IZETLT
WEZZWEBWRD S IO TEEZRYED, i LWENEVEZRE TV T,

(%26%, % 1%5) OFATIETFHKINE6 H30H TY.
BALDOFARE RS EOFF O D L FHRINE 3 H3IH LA L L 3. WHETOE, Sz BEVL F

%
&R
¥, RESEHEE (2006912 15HELE, $25%, H2B0%K) £IBHO L, BELT AL

(154)






AQ

BER>5

L 1=10)
1ML 12595 |

o800
/% - LED=% smaismnms

©e0

‘lfnﬂ]‘/‘ﬁ"'uhlf)/ﬁi)ﬁ Hﬂ

AQRUR T

2% 21500BZZ00138

QU

= EOOAS AN

--5.5mL

FHIRRIY «--
FrHI5Y-
VEBIA AR eeeennens

& BUXTHNIVRT ST

S 1t/ 524-0044 FERFILHHEBI571-2 TEL077-582-9980
RRA T4 /7 1130034 RRWBYRX S 3-13-8 TEL 03-3835-9089
B X5 1$)U Home Page URL http://www.sunmedical.co.jp

—

/7T 601-8469 REHAXEIFTEN 8 TELO75-681-5719
EHPT/T 110-0005 RRAARKXLE 3-13-8 TELO3-3836-3691
—wv<>/ Home Page URL http://www.nissin-dental.co.jp




_<;SHII-(I_\

PLZITTF 155 E?.Dﬂu

Ov o594 Jixsiste

H=—MIUv IRV —
(Ovo5917)

DFHDFEET

J—RLRASLTEEFHIETHHT
BORHFHS IS
Ovo 51 TEGEHDHEZD
KIICIEDFRLIE,

fEanvzn Anuszun Buegn
A E1—42—#lf#Hl O—-NLXEBEF 528

P - ll
R—LN—Y TEPRITINDEREESDEFLLSRALTNE T,

=gty 98,000 [ERERR S| BERTEEERRES | RRES 2140082200430000 @http //www. nishika.co. jp/anaeject/

NISHIKA 3 A # IWOETFEHAEASIRI2-5 T750—0015 TELO832-22—-2221(1) FAX0832-22—-2220
44' E$@*+£nn**_t *i KIREEFT K ARXEE4—-8-4 T541-0048 TELO6—6222—4090(1) FAX 06—6222—3950
SRREHF RRHSRXMME1-23—4 T111-0052 TELO3—-5822-5350(f%) FAX03—-5822-5351

PR LRI 45 % 15 B &6 0120-8020-96 [ F—Lv<— Thttp:// www. nishika. co. jp/

AJ-A-1



PROVINICE

=

T DD B 3

oS\

. SRR N CHE

=

BNRME
@ REFDfINE
@ LSRR

NAM MO
A “HE

 BnREEN

@ BLS - [AHWEL
@ BiE. SERETOEREEIDEL

e
HAMDER

ERAREES LYY
o =
JOCITA
Y
#1509 (BEHY)
2509 (hEAHT)
& 50OmL (Z7RAM)
250mL (Z7A M)
(&)
A2,A3,A35. Inc. 56 (HIEE)
U2.U3. 8S (HmMe)

EMFRKBES 2140082200451

HERO BERHEERIC TS B

http://www.shofu.co.jp

t | l o741 T605-0983 AR A LLIX 4R 7R _E & #ART 11+ TEL(075)561-1112 ()
** tZI*I o34t B (03)3832-4366 o %77 4LR(011) 232-1114/4A(022)299-2332/ 44 4 E(052)709-7688/ APR(06) 6252-8141/48 1 (092)472-7595




ParalPost FIBERWHITE

coltene s##

whaledent

[ERH SR KIBES21700BZY00478

S A NS SRS

Wo71I\—RIA
AT —RFY b priso

TrAN—=RD1h JNSRAMXRUIL

Ny RFHA

IWNDEFZNFRNC DS E

O—7—>avbphlEdd
Ny RFH A

BWET—5

[EfEies © 340Mpa
Bh(F38S ¢ 990Mpa
Z|3Rs& < : 1200Mpa

N

e

XFRERNE

SRS 29.2Mpa AR 2~ ()
: X "L 3.0 R
S TS 0T | smmom EOXiRBIRILR:
Size 5.5x2 Size 5.5x1 M RERS.
Size Bx%2 Size 6Xx]1 IEHEHD
RS (v IS0 BT = e
| /\VERESA)= X1 R BRI X IR
PZIW=ZO L 1.7 mES B ED
SEMEif% EEMEELET
JINTIRA R EXY RBXRD BB, SIFEEZ. LY Y LARBED 72O DM B OBUIR
NS O7 EDBENEE HA# R 2005365 (10) :65—75

—HEET 7 A )\ —HHEIC KD
BNcREE LiIsPheE

D

BIS GMA
HDDMA
Silicone Dioxide
Barium Silicate

YA X55HE
STBEDY A X TR

Q) O HEbALTEDAS—UVINE

SU4 SR ISTEG SR 6

MOKUDA DENTAL Co,, Ltd

BFHOD/ SRR MA RUILA
ZOFRFCHEAVCIETERT

3— ©0.90X 14.2mm
45— ®1.14X15.0mm
5— »1.25%15.0mm
55— 1.40X15.5mm
6— ©1.50X15.5mm

WMWY /9T Mt
R FRERm

( \

O/\SHR MEXY
P o lrmeumms
©_ uIyvExVh

., - ERRRRRES

21300BZY00581

\

s
4 ERE SRR ES
, E 21700BZY00264

5 ParaCore

14
L1}

N ey

Rim= Si's
et NSTA—L

25mLA—kIwvoR (ZEFEERFvrYT)

®/\517
—FaZIFa7BIATALIY

KOBE,JAPAN TEL(078)303-8241 FAX(078)303-2151
o E-mail:info@mokuda.co.jp http:/www.mokuda.co.jp/

TENBIUREAYOY (AMH5—1628)
TEERIE, BHADDF 4 —5—H#IC
BEALDEFLEEW



Q//23sna

y 4 'GC'I ’

EEDSNYRILTAINLET,
ERMAEISYD=-a—avETh,

rusce//o

the toothbrush on P4 concept

[WozO .75 B-10]

EDOH T M>UIDI)/S(PHS5hs) OS/N—&F:FTRIA ONIR
WER: IIL—JU—V . AI0—.EVI.T7S5vs 20K 18 UHLERME:
1EH (5&XZ44)=¥56,400 OFLEEME: 145=¥340(F:2) &5xtvh
OFZERME: 1E(58XZ14)=¥1,350 OFZEEME: 1K (BEXFTA)
=¥1,700(HiA) BRI 20055 10FREDEHD T,

www.gcdental.co.jp/ **ft’%*i =)—=)—

since1896

L =FmE RPN =4t
sandosanvo  T063-0051 ALIEHAAX = DR154T H16-1

[E3ER] {XREB5E (011)661-7163 FAX.(011)661-7173
BRE 255 (03) 3518-4631 FAX. (03) 3518-4633
HIWELEE - EB5E (0144) 34-8078 FAX. (0144) 31-2423
FiEsn 5% (0123) 26-3555




HAEICTShERAT VAR
=0 U—F—VOHEERICRELTHYE - ZEEDEZEHA.
REIEDOERICHA SNAEHFNE ML —TY,

y;ﬁbbﬁ-:7PL/F~:7il\ .

H oo 32— K No.101-521 Q. o o |‘NO 101 .
B & ¥ 000 | LA (A'B S) PR 53800

XBE|ENTNSDI— FNo. FRFTHER)EY FD3— KNo. TH, XB & EﬁlE(Df._U) ﬁ:ﬁﬂ) “‘B’&%%f“< zE

wawnr HXett JDM Sy
T355-0042 HERRIMUTSR28 ERERERFTETTES 11B3X00039

Bl & % &4 HRE T1140014 RRMILKHERE5-20 TEL03-3828-3161 FAXO03- 3827 8991
http://www.ydm.co.jp/ E-mail ydn@ydn co.jp o

FELEDBEIC L) G RG>
EERTY NDOINAF T4 IVLABREICTHEM,

Vv F7—IU—hke%800 JO7Tv3aFIb

MR(FRELA Mo
AKERFRMm V= ‘JO‘:’“Q/D““ —1o
431,000 D BEERD & EHH
5 mm OIEIL VMR NIE A $D 7 LIS
FBHESIETRT LELD2~3mmsE
FTHBLT, ERBPEERT v O
A7 T4 LFTEDBRIIBELFT

Vw7 — TU—k e%9800

JOJxzvar)b

BESEME ¥17.640 asn)

EYPABIN\YRIVI AR RS I~ RISVTR(TU—)  Z2TSVIAR
(FU—2) TSVRGVR VA TR A NSNILT -2 18,
HEFHCD-ROM 1

B EOAT—AIAT— @A—T—RTh @FIRN— —iRE
OFBAV I~ — (FEREFTR) @2REODALI—NIE

BT <0 grey B’ F110-8507 HEMHARE LH7-6-9 TEL.03-3845-2031 (OHCE) we PHILIPS  mwA% - sam S SHMERK SR




MORITA

EfRERLA -
UL

*ﬁiﬁﬂ:i::b’—yavv:ﬁh
AN 4 ﬁ BFRIE
x b} \ 9 } b C ®0S./Windows 2000/XP
@CPU_“Pentium II (733MHzEL E)

SI=vay ©::%) /256G b

: @/N\—F71R9 /1.5GB L LT =R
MR E OF 1 ATLA /1024 X768 )b

SAM\—¥av (15422) (COMk) 90,000/ @) & TNl BIERSA St T
ZWIN—iaY (1542¥2) (CO2IE} 150,0001) @1D L/ CD-ROMKS 1T

Hu=FFPyT S44002) (COMD 90,0008
T AP PERATERNNC L NSAE - APUBRATRAD Y =T SCMTELTULAZEERBLYT,

“ﬁl:“)l\tmaml,\gbtw R RN R AR R EE AR AR E AR R R R
QUBHK—pA—2)
EY2 #—LA—F [DENTAL PLAZA| THLAF I~ F- 20004 R — -4 SEMIBRLTVET. MAROMEMICSELTI0APHAICMT I L5 LEZRBLTVET.
wiww.denlal-plaza.comfsupporl!
QAR —FT P NAFI—T LD
A4 - oSN CHMETELETH2UL TV 3T,
TEL.OB-6380-2238  FGNE  HEH~SWH 9:30~17:00 28, REEERC

Macintosh (Mac OS] 2 BLTLSH A,

R R AR

— T ——
[(BRO3 7L PCRRLT S EADTE TR LA, | Mﬁ Heartful Communication

@ Windows(4. #EMicrosolt GorporationD AR U DD #5115 BBE T,
=T PantiymiL, imel Corporation®BIRANR T4, TOMERAN (Vs S NAREEROBEMIBERIMIETT,
VIR UTUF«IYIZFULT (7AUN) SENHAOIRIEEH L. 20064521 BUEDLOT T, IBEBHICRARRFILE EhTEUEEA,

] s, i KiAst ABAIREHEKEI9318 T564-8650 TEL:06-6380-2525
asme-5tn BRIVETL 1/ Frei onmanm inori1 11106518 1oL cosmasers:

www.dental-plaza.com




& &

5 o

mEERRA

ZHEHE MR W Z
D
o

# G
= B
R
g=3

W
—

(74 7+ IF)

ALHEE R AR RS SR25% B2

PIk184E12H25H
#rE OR K ROE
LTI S | 3N PN

T061-0293 A& A1 4558 24 U HT 4R 1757 % Hb
Jb e T R K 22
W O 0133—23-1211 (N#42563)
Fa/FAX 0133 — 23— 1345 (J.3)
A=NVTRV A [ iryo-ds@hoku-iryo-u.ac.jp
TEEEEEE TR EE TR R R R TR R R EEE T R R EE T R R R TR T R R TR R R R EEE T R R
EORU Lok = B ERI R 2 A
ARTEXEOR145%4 THI6%E 15
wah 011(661)7163 (%)

Rl F O f-H R OB R




Vol.25 No.2 DECEMBER 2006

Dent J Health el Univ K

ORIGINAL REPORTS
1 Lingual nerve stimulation-induced c-Fos expression in the trigeminal spinal nucleus
Yasumasa SAKURAI, Seishi ECHIGO, Satoshi KUCHIIWA, Hiroshi IZUMI ««xceeeeeeeeeereeeceeenceeene. (97)

13 Characteristics of blood flow measurements using laser speckle imaging
Hidekazu WATANABE, Takeharu NIIOKA, Hisayoshi ISHII, Hiroshi IZUMI eeeeeeeeeeeeeeeeeenaneeeeees (109)

23 Bone fomation of Ultra - thin CaTiO3 and hydroxyapatite (HA) coated implant
Kenji KAWAMURA, Hideki MATSUBARA, Yasuhiro NAKANISHI, Yukito HIROSE,
IVLOTIO O CHL +# e vv e veeemenenennenntnttt ittt ittt ettt ettt et ettt tttettettttett ettt ettetetaetteaeeteaaeateinetnenns (119)

CLINICAL STATISTICAL SURVEY
31 The state of the Clinical Department of Implant Dentistry of Hospital
of Health Sciences University of Hokkaido
Hiroyuki KITAJO, Takeo MAITA, Maki ENDOH, Yoshiteru KANNAR, Makoto TAMURA,
Hanako OHKE, Masaru KUDOU, Youichirou HOSOKAWA, Morio OCHI +seeseesrerreeeeeessnnneennes (127)

39 Clinico-statistical observation of inpatients at the school of dentistry,
Health Sciences University of Hokkaido hospital
Shigehiro TAKEDA, Johji KAWAKAMI, Toshitaka MUTO, Kazuhiko OKUMURA, Yoshiyuki THUJI,
Kentarou KAWAKOSHI, Makoto ARISUE, Hiroki NAGAYASU, Hirohiko TAIRA, Masaru MURATA,
Hiroyuki KITAJO, Kathumi MURAOKA, Takanori SHIBATA «+teteeteereeseesetutitiitiitiiiiiii. (135)

45 Clinicostatistical study of orthognathic surgery in the Oral Maxillofacial Clinic
of Health Sciences University of Hokkaido Dental Hospital
Yoshiyuki TSUJIL Johji KAWAKAMI, Kentaro KAWAKOSHI, Katsumi MURAOKA,
Kazuhiko OKUMURA, Hirohiko TAIRA, Masaru MURATA, Toshitaka MUTO,
Hiroki NAGAYASU. Hiroyuki KITAJO, Shigehiro TAKEDA, Takanori SHIBATA,
MAKOLO ARISUE e e e teeeeeneennetnnttnnttuttittttttt ittt ettt itttttttittttatetatettetiteiaaeeiaes (141)

Dent J Health Sci

Univ Hokkaido
Vol. 25, No. 2, pp. 97-154

DECEMBER 2006






